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\  This  issue  of,  Present  Concepts  is  devoted  to  reviewing  some  of  the  areas  in  hematology 
which  have  been  most  strongly  influenced  by  the  advances  of  the  past  ten  to  fifteen 
years.  Much  of ’the  issue  deals  with  disorders  of  hemostasis,  a  subject  that  two 

1  decades  ago  was  sometimes  referred  to  as  the  "graveyard  of  hematology".  Two  contri¬ 
butions  in  this  issue  review  important  advances  in  j&H*  knowledge  of  platelet  function 
and  coagulation  —  normal  and  pathological,  and  two  other  articles  present  the  curren 
thinking  and  findings  on  two  of  the  most  common  hereditary  abnormalities  of  hemostasia 
— classical  hemophilia  and  vonWiilebrand’s  disease. (  ) 


By  definiting  many  hereditary  erthrocyte  defects  at  the^  molecular  level,  a  rational 
classification  of  a  number  of  hematological  syndromes'  (the  etiologies . of  which  were 
totally  obscure  before  1950)  has  been  possible.  More  importantly,  thicr 'definition 
of  many  inherited  red  cell  abnormalities  at  the  molecular  level  has  served  as  a  mod*: 
for  the  geneticist  and  molecular  biologist  in  their  more  basic  quest  for  unlocking 
the  secrets  of  human  biology.  The  hemoglobinopathies  and  red  cell  G-6-PD  deficiency 
represent  classic  examples  of  genetically  determined  molecular  disease.  G-6-PD  de¬ 
ficiency,  the  most  common  of  the  recognized  red  cell  enzyme  deficiencies, is  reviewed 
in  -this  issue  with  emphasis  on  the  spectrum  of  clinical  manifestations  encountered 
in  affected  subjects.  ’ 

i 

The  last  of  the  six  articles  in  the  symposium  is  a  review  of  the  difficult  subject  of’ 
hypoplastic  anemia. 
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i  tic  p;isr  two  decades  have  witnessed  unparalleled  advances  in  medical  science. 

Few  fields  of  medicine  have  failed  to  share  in  this  progress,  but  none  has  been 
more  greatly  influenced  than  the  specialty  of  Hematology.  During  this  period 
we  have  seen  Hematology  evolve  from  a  discipline  concerned  principally  with 
the  number  and  quality  of  blood  cells  to  one  which  has  expanded  to  encom¬ 
pass  biochemistry,  genetics,  and  molecular  biology  as  they  apply  to  hemato¬ 
logical  disease.  Progress  has  been  greatest  in  the  area  of  delineating  "basic 
mechanisms  of  disease"  and  in  advancing  our  understanding  of  the  complex 
personalities  of  the  red  cell,  the  platelet,  and  the  coagulation  system. 

This  issue  of  Present  Concepts  is  devoted  to  reviewing  some  of  the  areas  in 
hematology  which  have  been  most  strongly  influenced  by  the  advances  of  the 
past  ten  to  fifteen  years.  Much  cf  the  issue  deals  with  disorders  of  hemostasis, 
a  subject  that  two  drretdes  ago  was  sometimes  referred  to  as  the  "graveyard 
of  hematology".  2n  1961  Tocantins  said  of  coagulation  and  hemostasis: 

"This  hardy  pcrenniaJ  has  flowered  bravely  in  the  last  few  years,  though 
surrounded  by  predator}'  weeds  which  all  but  hid  the  brightly  colored 
blossoms.”  The  flowering  has  been  even  more  profuse  in  the  subsequent 
decade.  Although  far  from  complete,  present  knowledge  of  normal  and  patho¬ 
logical  hemostasis  has  reached  the  point  when  a  systematic  approach  to  in¬ 
vestigation  of  the  patient  with  abnormal  bleeding  is  possible  and  with  reason¬ 
able  assurance  that  the  defective  mechanism  will  be  defined. 

The  contributions  of  Doctors  Cohen  and  Spivack  in  this  issue  review  important 
advances  in  our  knowledge  of  platelet  function  and  coagulation  —  normal  and 
pathological.  Doctors  McCracken  and  Logan  have  brought  us  up  to  date  on 
two  of  the  most  common  hereditary  abnormalities  of  hemostasis  —  classical 
hemophilia  and  vonWillebrand’s  disease. 

By  defining  many  hereditary  erythrocyte  defects  at  the  molecular  level ,  a 
rational  classification  of  a  number  of  hematological  syndromes  (the  etiologies 
of  which  were  totally  obscure  before  1950)has  been  possible.  More  importantly. 
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this  def  inition  of  many  inherited  red  cell  abnormalities  at  the  molecular 
level  h a s  served  as  a  model  for  the  geneticist  and  molecular  biologist  in 
rheir  more  basic  quest  for  unlocking  the  secrets  of  human  biology.  The 
hemoglobinopathies  and  red  cell  G-6-PD  deficiency  represent  classic  ex¬ 
amples  of  genetically  determined  molecular  disease.  G-6-PD  deficiency, 
the  most  common  of  the  recognized  red  cell  enzyme  deficiencies,  is  reviewed 
in  this  issue  with  emphasis  on  the  spectrum  of  clinical  manifestations  cn*\ 
countered  among  affected  subjects. 

Doctor  Schocn  has  reviewed  the  difficult  subject  of  hypoplastic  anemia  — 
an  etiologically  diverse  group  of  syndromes  that  continue  to  evade  rational 
classification  and  specific  therapy. 

A  number  of  other  hematological  topics  might  well  have  been  included  in 
an  issue  concerned  with  “advances”  in  the  field.  Obviously,  no  pretense 
is  made  of  a  comprehensive  review.  Subjects  selected  for  this  symposium 
reflect  to  some  extent  areas  of  interest  of  the  authors.  They  were  also 
judged,  however,  to  be  subjects  with  dinical  relevance  and  therefore,  hope¬ 
fully,  will  be  those  topics  of  particular  interest  to  our  reading  audience. 


LTC  NEIL  W.  CULP,  MC 
Guest  Editor 


I  VO 
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THE  "BLOOD  PLATELET 
Its  Function  and  its  Disorders 

Richard  j.  Cohen;  M;D.* 

One  of  the  most  outstanding  developments  in  hematology 
within  the  past'.five  years  has  been  the  recognition  of  the 
complex  personality  of  the  blood  platelet,  and  the  intricate 
and  critical 'role  this  blood  element  plays  in  normal  hemo¬ 
stasis.  I  would- like  to  review  with  you  some  of  our  under¬ 
standing  of  normal  and  abnormal  platelet  function  and  discuss 
some  of  the  newer  diagnostic  procedures,  that  are  now  available 
for  the  evaluation  of  suspected  platelet  disorders. 

When  a  blood  vessel  is  severed  or  damaged,  a  series  of 
reactions  is  set'  in  motion  to  rapidly  stem  the  exit  of  blood 
from  the  vascular  bed.  The  major  event  initiating  this  reac¬ 
tion  is  the  exposure  of  collagen  fibers  which  underlie  the 
vascular  endothelium-.  The  platelet,  migrating  through  the 
blood  stream,  is  chemically  attracted  to  these  exposed  fibers 
and  the  contact  between  collagen  and  platelet  leads  to  important 
morphologic,  and  biochemical  Changes  within  the  platelet  itself. 
The  platelet  alters  its  shape  from  a  thin  disc-like  structure  to 
a  spiny  sphere  and  the  many  granules  contained  within  the  plate¬ 
let  begin  to  disappear.  At  the  same  time,  high  concentra¬ 
tions  of  serotonin  and  adenosine  diphosphate  (ADP)  begin  to 
appear.  Although  the  actual  function  of  this  serotonin  is 
not  fully  known,  there  is  some  evidence  to  suggest  that  it 
leads  to  contraction  of  the  severed  vessel  walls  thereby 
reducing  the  size  of  the  hole  through  which  blood  can  leave 
the  vessel.  The  ADP,  in  a  poorly  understood  manner,  serves 
as  a  potent  stimulator  of  platelet  adhesion  to  the  vessel 
wall,  as  well  as  cohesion  between  the  platelets  themselves . 

One  platelet  sticking  to  another  leads  to  the  aggregation  of 
many  platelets;  This  results  in  the  formation  of  a  plug 
having  the  temporary  ability  to  halt  blood  loss.  During 
this  stage,  the  platelets  retain  thair  morphologic  identity 
and  Can  be  disaggregated  to  return  as  viable  agents  into 
the  blood  stream.  Thrombin  now  begins  to  appear  at  the  site 
of  injury,  stimulated  at  this  early  stage  of  hemostasis  by 


•Director,  Clinical  Coagulation  Lsbonbxte,  Sin  Franciieo  General  Hospital  aid  Mount  Zion 
HotjrfUl,  San  Francisco;  and  Awiatant  CBaici!  Frofesaor  of  Mo&dne,  Unbertity  of  California 
Medical  Cents*,  San  Francisco 
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the  immediate  release  of  tissue  thromboplastin  through  the 
severed  vessel  walls.  Thrombin  causes  newly  arrived 
platelets  to  release  rapidly  their  A  IP  and  aggregate  furthe-’ 
on  top  of  the  already  aggregated  platelet  mass.  Under  the 
influence  of  thrombin,  in  a  process  called  viscous  metamor¬ 
phosis,  the  platelet  plug  now  becomes  a  dense  aggregate, 
irreversibly  bound  together  with  loss  of  identifiable  indi¬ 
vidual  platelet  architecture.  As  more  tine  passes,  new 
thrombin  becomes  generated,  stimulated  through  the  biochemical 
events  of  normal  intrinsic  blood  coagulation.  Fibrinogen, 
floating  in  and  about  the  platelet  mass,  is  transformed  by 
this  thrombin  into  a  network  of  fibrin  strands  —  serving 
effectively  to  reinforce  the  platelet  mass  and  leading  to  a 
solid  definitive  plug.  As  a  further  protective  device, 
normal  platelets  release  the  protein  thr mbasthenin  which 
causes  contraction  of  the  platelet-fibrin  mass  and  promotes 
additional  consolidation  and  impermeability  of  the  definitive 
hemostatic  plug.  In  this  manner,  the  body  sufficiently  seals 
small  leaks  in  Its  vascular  compartment  in  the  normal  indi¬ 
vidual. 

The  blood  platelet  possesses  within  its  confines  many 
ami.no  acids,  proteins  and  other  chemical  materials.  The 
purpose  of  many  of  these,  is  unclear.  It  is  knoun  that  the 
platelet  membrane  supplies  phospholipid  necessary  for 
effective  blood  coagulation.  This  function  of  the  platelet 
has  been  called  ’’platelet  factor  3  activity"  and  further 
clarification  of  the  nature  of  this  action  is  required.  It 
appears  that  a  plasma  factor  is  also  necessary  if  ail  of 
these  platelet  reactions  arc  to  take  place  adequately.  The 
absence  of  this  factor  appears  responsible  for  many  of  the 
he-nosbatic  abnormalities  seen  in  von  Willebrand's  disease, 
and  accordingly  the  plasma  factor  has  been  referred  to  as 
the  "von  Willebrand’s  factor", 

fne  clinical  result  of  a  defect  anywhere  within  this 
primary  hemostatic  mechanism  is  bleeding.  The  bleeding 
characteristically  takes  place  in  the  skin  or  mucous  mem¬ 
branes  and  produces  the  characteristic  findings  of  petechieo, 
purpura  or  ecchy.noses.  If.  is  also  seen  as  a  persistent  0030 
following  trauma  or  surgery.  The  three  groups  of  abnormali¬ 
ties  involving  the  primary  hemostatic  mechanis  n  that  can 
eventuate  in  clinical  bleeding  include  (1 )  thrombocytopenia, 

(a  quantitative  defect  in  platelet  numbers),  (2)  platelet 
dysfunction  (an  acquired  or  congenital  qualitative  platelet 
defect),  and  (l)_absence  of  the  plasma  factor  necessary  for 
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normal  platelet;  reactions  to  take  place  (the  characteristic 
finding  in  von  Willebran'd 1  s  disease).  Only  the  qualitative 
defects  in  platelet  function  will  be  discussed. 


The  terminology  used  to  define  platelet  dysfunction 
nas  been,  in  the  past,  confusing  and  inadequate.  Certainly 
the  progress  in  recent  years  has  allowed  further  definition 
of  specific  categories  of  abnormalitiec  and  it  is  probable 
that  new  and  more  useful  terminology  will  gradually  develop. 
Throrabocytopathy  has  been  used  to  indicate  a  qualitative 
platelet  defect  in  which  platelet  factor  3  activity  is  not 
available  to  the  blood  coagulation  system.  Conditions  in 
which  it  is  found  as  an  acquired  defect  included  myeloma, 
macroglobulinemia,  and  following  extensive  use  of  Dextran® 
In  these  circumstances  a  coating  of  the  platelet  membrane 
by  the  protein  or  Dextran®  prevents  exposure  of  the  platelet 
factor -3  activity  to  circulating  coagulation  proteins.  In 
thrombopathia,  platelet  aggregation  induced  by  collagen  or 
thrombin  is  ineffective;  however,  the  platelets  appear 
to  respond  promptly  and  normally  to  exogenous  ADP,  suggest¬ 
ing  that  the  disorder  is  due  to  impaired  release  of  ADP 
from  platelets.  Thrombasthenia  is  viewed  as  a  disorder  in 


which  ADP  is  normally  released  by  stimuli,  sucn  as  collagen 
and  thrombin,  but  the  platelet  membrane  does  not  react 
to  this  material  and  no  aggregation  occurs.  Even  the 
addition  of  normal  exogenous  ADP  does  not  produce  aggre¬ 
gation.  It  should  b8  recognized  that  these  terns,  confus¬ 
ing  and  semantically  inappropriate,  were  devised  before 
the  true  intricacies  of  platelet  physiology  were  appreciated. 


A  significant  finding  has  been  the  recognition  that 
a  large  number  of  commonly  prescribed  medications  have  the 
ability  to  interfere  seriously  with  the  collagen-platelet 
interaction.  These  include  such  drugs  as  aspirin,  butaao- 
lidin,  indomethacin,  glyceryl  guiacolate  and  the  vasodilater, 
dipyrimadole  (Persantiri®  ).  Their  effect  produces  a  state 
of  induced  'thrombopathia'  where  ADP  release  from  platelets 
does  not  occur  on  exposure  to  collagen  or  thrombin.  A  state 
of  defective  primary  hemostasis  may  then  occur,  and  is  mani¬ 
fested  by  an  abnormal  bleeding  time  and  by  excessive  spon¬ 
taneous  or  trauma-induced  bleeding.  Since  the  effect  of 
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th^se  urugs  has  been  shewn  to  last  as  long  as  one  week  after 
ingestion  it  is  possible  that  excessive  surgical  or  post¬ 
operative  bleeding  may  be  the  result  of  recent  ingestion  or 
any  nf  these  drugs.  Many  investigators  have  reasoned  that 
the  ability  of  these  medications  to  impair  olntelet  aggrega¬ 
tion  may  have  important  therapeutic  implications,  fhe 
formation  of  a  thrombus  appears  to  depend  to  a  large  degree 
on  platelet  interaction  and  aggregation.  Studies  ?r o  cur¬ 
rently  underway  throughout  the  world  bo  see  if  the  prophylac¬ 
tic  administration  of  anti-aggregating  agents  will  reduce  the 
incidence  of  thrombosis  in  coronary  artery,  cerebrovascular, 
and  peripheral  vascular  disease.  Recent  work  by  Murphy  and 
Mustard  has  demonstrated  that  pretreatment  with  aspirin 
prevents  the  generalized  Schwartzman  reaction  and  disseminated 
intravascular  coagulation  in  experimental  animals.  Additional 
reoorts  showing  that  Persantin®  lowered  the  incidence  of 
thrombosis  in  orosthetic  heart  valves  following  cardiac 
surgery,  and  that  intravenous  aspirin  produced  remissions  in 
thronbotio  thro mbocytopenic  purpura  suggests  that  this  approach 
m*>y  have  exciting  aooii cations.  Certainly  the  literature  over 
the  next  several  years  will  contain  much  information  relative 
to  this  subject. 

In  the  evaluation  of  the  bleeding  patient  in  whom  o 
primary  hemostatic  defect  is  suspected,  the  Initial  critical 
laboratory  determination  is  the  platelet  count,  fhe  often 
neglected  procedure  of  looking  at  the  perioheral  blood 
sm°ar  may  yield  quickly  the  diagnosis  of  thrombocytopenia 
but  may  also  show  large  abnormal  platelets  such  as  those 
seen  in  several  congenital  platelet  disorders.  It  should 
be  stressed  that  the  most  imoortant  bedside  test  for  the 
possible  presence  of  an  acquired  or  congenital  platelet 
hemostatic  cefect  remains  the  Ivy  bleeding  time.  Ihrough 
the  standard  skin  ’-uncture  made  with  #11  scaloel  blade,  one 
creates  an  exoosure  of  collagen  to  the  blood  platelet.  By 
recording  the  time  necessary  for  all  oozing  from  the  cut  to 
cease,  one  has  an  excellent  measure  of  whether  or  not  all 
the  hemostatic  events  have  been  able  to  take  place  adequately. 
Current  evidence  suggests  that  the  sensitivity  of  the  test  Is 
further  enhanced  by  repeating  the  bleeding  time  two  hours 
after  the  ingestion  of  10  grains  of  aspirin.  Whereas  this 
drug  will  disturb  only  mildly  the  hemostatic  sequence  in 
normal  individuals,  those  oatients  with  r.  defect  in  o rimary 
hemostasis,  irregardless  of  the  cause,  will  develop  marked 
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Fig  1,  Bleeding  time  values  (Ivy  metliod)  in  normal  »nd  diseased  states  before  and  two  hours 
following  ingestion  of  10  grains  acetylsalicylic  add. 


prolongation  of  bleeding  time.  Figure  1.  This  is  help¬ 
ful  where  the  initial  bleeding  time  is  borderline  or  slightly 
elevated  in  a  patient  suspected  of  having  a  hemostatic  abnor¬ 
mality.  The  Rumpel-Leede  capillary  fragility  test,  while 
simple  enough  to  do,  is  much  too  variable  and  nonreproducible 
to  be  of  significant  value.  Observation  of  clot  retraction 
when  carefully  done  in  a  37  C  waterbath  gives  useful  informa¬ 
tion.  The  contractile  protein,  thrombasthenin,  is  necessary 
•for  this  reaction  and  defective  clot  refraction  either  implies 
an  insufficient  quantity  of  thrombasthenin  due  co  a  low- 
platelet  count,  as  seen  in  severe  thrombocytopenia,  or  a 
defect  in  the  release  of  thrombasthenin  as  is  seen  in  the  con¬ 
genital  disorder^  Glanzmann's  thrombasthenia. 


Present  Concepts,  Vol  IV  No  3,  March  1971 


!96 


Yhc  Blood  Flatelet  •  Cohen 


Che  Salsman  platelet  adhesiveness  best  is  a  procedure 
which  measures  the  capacity  of  platelets  to  adhere  to  glass 
beads  under  controlled  conditions.  The  balzman  apparatus 
consists  of  a  standard  number  of  glass  beads  contained  in 
a  plastic  tube.  A  platelet  count  is  done  before  and  after 
blood,  has  teen  passed  through  this  column  of  glass  beads, 
the  beads  serving  us  a  nidus  te  Which  tho  platelets  may 
stick.  With  the  loss  Of  normal  characteristics  of  platelet 
adhesion,  the  pro-  and  post-passage  platelet  counts  are 
essentially  similar.  The  major  diagnostic  use  cf  this  test 
has  beep,  as  an  aid  in  the  recognition  of  von  Willcbrand's 
disease  and  o±  metabolic  .induced  platelet  dysfunction,  such 
as  that  which  occurs  ir.  uremia. 

Perhaps  the  greatest  boon  to  the  detection  of  platelet 
dysfunction  has  ceme  about  with  the  use  of  the  platelet 
aggregometer,  an  instrument  for  recording  in  vitro  the 
capacity  of  platelets  to  aggregate.  This  technique  is  no 
longer  to  be  considered  an  esoteric  research  procedure 
and  should  be  understood  and  appropriately  used.  Ihe 
apparatus  is  based  on  the  principle  that  a  light  beam 
passing  through  plasma  in  which  platelets  are  freely  cir¬ 
culating  will  be  deflected  by  contact  with  these  platelets. 
If  one  then  adds  to  this  platelet  rich  plasma,  materials 
known  to  affect  platelet  aggregation  in  vivo  such  as  epine¬ 
phrine,  collagen,  thrombin  or  ADP,  aggregation  of  these 
platelets  should  take  place  in  vitro  if  they  retain  normal 
function.  As  they  begin  to  aggregate  into  clumps,  the  light 
beam  can  now  pass  through  clear  areas  in  the  plasma  without 
being  deflected  and  can  be  recorded.  This  technique  can 
then  be  effectively  used  to  pinpoint  the  specific  functional 
inability  of  a  particular  patient's  platelets.  The  response 
of  normal  platelets  in  this  in  vitro  system  to  the  addition 
cf  ADP,  collagen  and  epinephrine  is  illustrated  in  Figure  2. 
This  is  in  contrast  to  the  classic  aspirin -induced  platelet 
function  abnormality  that  is  illustrated  in  Figure  3«  The 
platelet  cannot  apparently  release  its  own  ADP  to  enact 
the  aggregating  response  and  therefore,  there  is  no  aggre¬ 
gating  response  to  collagen  or  epinephrine.  However,  the 
addition  of  exogenous  ADP  produces  a  prompt  and  normal 
response.  It  is  provocative  to  think  that  such  a  response 
occurs  in  all  of  us  after  the  ingestion  of  only  one  aspirin 
tablet  and  that  this  effect  may  remain  present  for  as  long 
as  seven  days  after  that  one  tablet  is  ingested.  A  similar 
type  of  defect  can  be  seen  to  exist  in  Figure  h.  The 
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1  '•  fehotr)  Aggregation  of  norma!  platelets  in  response  to  AOP.  epinephrine  and  collagen. 

!  ig.  A  (htfow)  Aggregation  of  platelets  from  a  subject  receiving  acctylsalicylic  acid  uc>-.o..strating 
i  normal  rein  >me  to  exogenous  ADP  but  failure  of  aggregation  In  response  to  epinephrine  and  collagen. 
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LtjdL/i.iual  had  /narked  thrombocytosis  and  all  of  nia  platelets 
w  >n;  rendered  defective  by  his  clinical  state  of  so/ere 
uremia.  Utilizing  this  technique  a  significant  number  of 
•”  ‘tiger,  i,  to  I  bleeding  problems  have  been  characterized  and 
furth'T  clarified.  Subsequent  research  methods  which  may 
eventually  find  their  way  into  more  routine  clinical  use 
include  measurement  o f  nucleotides  released  from  platelets 
during  their  aggregating  response,  measurement  of  specific 
platelet  enzyme  systems,  and  assay  of  cyclic  AMP.  The  impor¬ 
tance  of  those  factors  is  just  beginning  to  be  recognized. 


tponse  /o  epinephrine  iixf  collagen. 

In  conclusion,  these  advances  in  technique  have  permitted 
uj  to  appreciate  the  multiplicity  of  splendid  functions  of  the 
blood  platelet.  Certainly,  more  is  yet  to  come.  Whereas, 
until  recently,  the  bleeding  time  was  the  only  procedure 
available  for  testing  for  hemostatic  dysfunction,  these  r.ew 
methods  have  permitted  more  accurate  categorization  and  more 
rational  therapy  of  bleeding  disorders.  In  addition,  the 
recognition  of  the  effect  of  commonly  used  drugs  on  platelet 
function  has  opened  up  a  new  and  exciting  era  in  therapeutics. 
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It  may  scent  curious  that  blood  coagulation ,  which  is  after  all  a  subsidiary  and 
non-essential  fragment  cf  total  bodily  acitivity,  should  Involve  the  multiplicity 
o]  factors  illustrated,  and  a  complexity  which  grows  rather  than  resolves  with 

increasing  knowledge. 

-  R  G.  MACFARLANE,  1948 
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HEMOSTASIS  AND  INTRAVASCULAR  COAGULATION 

A  Review 

Alan  R.  Spivack,  M.D.* 


Intravascular  coagulation  is  nov  recognized  as  a 
frequently  occurring  entity  associated  with  a  number  of 
diseases  and  in  a  number  of  clinical  settings.  When  the 
syndrome  is  full-blown,  there  is  little  difficulty  in  making 
the  diagnosis.  However,  all  gradations  of  disseminate  i 
intravascular  coagulation  (DIC)  exist  j\f  and  it  is  the 
recognition  of  this  syndrome  in  its  mild  form  that  is  most, 
difficult.  The  syndrome  must  be  recognized  in  its  earliest 
.stages  if  the  physician  is  to  be  successful  in  its  treatment. 
TrT  do  "this,  an  understanding  of  the  copgulation  and  fibrino¬ 
lytic  systems  is  necessary.  One  must  also  understand  the 
various  tests  of  coagulation  and  the  interpretation  of  the 
data  so  that  the  proper  treatment  may  be  instituted  without 
delay . 


Normal  hemostasis  may  be  conveniently  divided  into 
three  phases  for  study  -  (1)  the  platelet  phase,  (2)  the 
fibrin  formation  phase,  and  (3)  the  fibrinolytic  phase. 
Although  each  of  these  phases  will  be  discussed  separately, 
they  are  not  isolated  processes  and  probably  all  react 
simultaneously  resulting  in  continuous  hemostasis.  Defects 
may  occur  in  any  one  of  the  three  phases.  Multlphasic 
defects,  as  well  as  multiple  defects  within  one  phase,  are 
also  possible. 

In  order  for  blood  to  coagulate  a  number  of  events  must 
occur.  These  criteria  are  as  follows: 

-  -  The  coagulation  mechanism  must  be  intact. 

-  -  A  proper  stimulus  must  be  present  to 

activate  either  the  intrinsic  or  the 
extrinsic  coagulation  pathways  (vide  infra). 

•For /ne/ly  Staff  Hematologist,  Letterman  Geneta!  Hospital;  presently.  Staff,  Department  of 
Med.  dne,  Jewish  Hospital,  Washington  University.  Saint  Louis. 
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-  -  Stasis  of  blood  is  necessary  to 

prevent  the  procoagulant  materials 
from  being  rapidly  diluted  or  washed 

•  6waJ fi  1  '  "  ' ' 

-  -  The  hepatic  or  the  reticuloendothelial 

clearance  mechanism  must  be  impaired’ 
in  some  vay  so  that  procoagulsnt 
,  f  materials  are  not  removed  from  the 
.circulation. 

•  i  •  J 

The  last  criterion  need  not  be  present  for  the  normal 
response,  to  bleeding  from  ,a  traumatized  vessel  but  it  is 
necessary  for  the  occurrence  of  pathologic  coagulation  such 
as  one  sees,  in  the  disseminated  intravascular  process.  When 
these  criteria  are  present  coagulation  may  proceed  either  in 
nonnal:response  to  injury  or  in  the  supercharged  fashion 
/that  .makes,  up  the  subject  of  this  paper.  The  diagram  (Figure  1) 
will  be  a  basic  graphic  reference  for  each  of  the  phases 
discussed. 


The  Platelet  Phase 

The  initial  stages  of  hemostasis  are  afforded  by  platelet 
function.  When  tissue  is  sufficiently  traumatized  so  that 
vessels  are  injured  and  bleeding  occurs  a  number  of  reactions 
follow.  There  is  vasoconstriction  which  is  initially  a  product 
of  mechanical  irritation  and  the  bleeding  is  decreased.  This 
reaction  however  is  insufficient  by  itself  to  arrest 
hemorrhage. /2, 3/  Circulating  platelets  are  then  seen  to  adhere 
to  the  defect  in  the  vessel,  a  reaction  known  as  platelet 
adhesion  and  aggregation  which  seems  to  be  mediated  by  exposure 
of  circulating  platelets  to  collagen  fibers.  That  exposed 
collagenous  fibers  are  necessary  for  this  reaction  to  take 
place  was  shown  by  Hovig./h/  Ashford  and  Freiman  /5 /  further 
demonstrated  that  platelet  adhesion  to  an  injured  area  of  small 
vessel  did  not  take  place  unless  the  injury  was  sufficient  to 
cause  disruption  of  the  endothelial  layer  and  expose  the  under¬ 
lying  collagen  fibers  to  the  circulation.  When  this  require¬ 
ment  is  fulfilled,  platelets  swell,  extend  pseudopodia, 
aegrar.ulate  and  selectively  release  a  number  of  products  into 
the  surrounding  medium.  This  reaction  is  known  as  viscous 
metamorphosis .  The  products,  e.g.  serotonin,  catecholamines , 
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adenosine  diphosphate  (ADP),  and  platelet  factor  b,  cause 
further  platelet  aggregation  mediated  primarily  by  ADP  and 
continued  constriction  of  the  injured  blood  vessel  (catechola¬ 
mine  and  serotonin).  Platelet  factor  b  is  a  highly  basic,  1-v 
molecular  weight  protein  with  anti-heparin  activity  wnich  is 
also  able  to  neutralize  the  anticoagulant  effect  of  fibrinoger 
breakdown  products. /6/  Ifre  reaction  of  platelets  to  exposed 
collogen  is  reversible  and  requires  no  cofactors.  ADP  induced 
platelet  aggregation  is  also  reversible  /7,8/  but  requires  the 
presence  of  calcium,  fibrinogen  and  other  plasma  cof actors. /9, 10/ 
Although  there  are  several  hypotheses,  the  exact  mechanism  of 
platelet  aggregation  has  not  been  fully  explained. /ll/  Low 
concentrations  of  epinephrine,  in  addition  to  maintaining  vaso¬ 
constriction  and  stasis,  allows  the  ADP-platelet  reactions  to 
proceed  more  rapidly. /12/  Serotonin  release  also  causes 
platelet  aggregation  /8/  but  its  role  in  platelet  metabolism 
and  coagulation  has  not  been  illuciaated.  It  does  have  potent 
vasoconstrictor  ability  and  its  function  in  the  hemostatic 
process  may  be  entirely  in  this  capacity. 

The  result  of  the  above  processes  is  a  platelet  plug  that 
fills  in  the  vascular  defect  and  bleeding  ceases.  Although 
this  platelet  plug  is  hemostatic,  it  is  effective  only  temporerily. 
If  it  is  not  supported  by  intrinsic  and  extrinsic  fibrin  formation 
disintegration  will  occur  secondary  to  the  slightest  mechanical 
stimulation  and  bleeding  will  again  commence.  This  is  the 
presently  accepted  explanation  for  the  delayed  bleeding  or 
rebleeding  phenomenon;  exhibited  by  injured  hemophiliacs  who  may 
be  asymptomatic  until  a  few  hours  have  elapsed  after  their 
traumatic  episode. /13/  In  this  case  platelet  plug  formation  is 
normally  completed  but  the  subsequent  steps  of  fibrin  formation 
which  arc  necessary  to  solidify  the  friable  platelet  plug  are 
defective . 


ftie  next  phase  of  platelet  hemostasis  is  mediated  by  the 
action  of  thrombin.  Minute  quantities  of  thrombin,  probably 
derived  from  plasma  trapped  within  the  platelet  plug  or  derived 
from  clotting  factors  adsorbed  on  platelets  /6/,  cause  consolida¬ 
tion  of  the  platelet  plug.  In  this  phase  platelet  aggregates  are 
made  impermeable  by  the  contraction  of  the  platelet  protein 
thrcmbosthenin./l4/  Uiis  protein  is  similar  in  many  respects  to 
actomysin  found  in  skeletal  muscle.  It  is  speculated  that 
’thrombosthenin  and  fibrinopeptide  B  derived  from  the  action  of 
.tfejemoin  on  platelet  fibrinogen  are  responsible  for  clot  retrac¬ 
tion  commonly  observed  in  vitro  as  a  crude  test  of  platelet 
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function. /l5 ,28/  Thrombin  also  induces  viscus  metamorphosis 
of  platslets  /l6/  during  •which  amines,  neuclo^ides,  potassium 
and  amino  acids  are  released. /8/  Further  ADP  is  released 
which  acts  synergistically  with  thrombin  to  perpetuate  platelet 
aggregation. /l7/  This  action  of  thrombin  occurs  without 
systemic  fibrinogen  proteolysis  because  only  small  amounts  of 
thrombin  are  required  to  aggregate  platelets,  an  amount  less 
than  that  required  ro  convert  and  polymerize  fibrinogen. /8/ 

The  thrombin  contained  within  the  platelet  plug  is  not  accessible 
ho  the  systemic  circulation. 

Collagen  also  has  the  ability  to  cause  viscous  metamor¬ 
phosis.  This  reaction  is  limited  to  the  platelets  at  the 
periphery  of  the  plug  in  contact  with  collagen  fibers  whereas 
thrombin  affects  the  entire  aggregate ./l6/ 

In  addition  to  ADP,  collagen,  and  thrombin,  a  large  number 
of  other  substances  are  able  to  elicit  a  similar  platelet 
response.  Figure  1.  After  reading  Zuck'-r'o  ennumeration  /l8/ 
of  these  "other  substances",  one  is  immediately  impressed  by  the 
host  of  stimuli  to  which  the  platelet  is  vulnerable.  The  rela¬ 
tionship  of  prostaglandin  En  to  the  regulation  of  platelet 
aggregation  is  currently  unaer  study. /19/  Ihese  findings  have 
set  the  stage  for  a  large  amount  of  work  on  the  platelet-aggrega¬ 
tion  reaction  and  on  the  various  pharmacologic  agents  which  are 
inhibitory. /20-  22/ 

Various  platelet  factors  perhaps  serve  as  a  bridge  between 
the  platelet  pnase  of  coagulation  and  fibrin  formation. 

Platelet  factor  3>  the  best-known  platelet  factor,  has  the 
ability  to  act  in  the  intrinsic  coagulation  pathway  (vide 
infra). /8/  The  existence  of  this  factor  as  a  distinct  bio¬ 
chemical  entity  has  been  questioned.  Marcus  /8/  proposes  that 
platelet  factor  3  represents  a  unique  platelet  function 
mediated  through  n'nospholipoproteins  contained,  for  the  most 
part,  in  platelet  membranes.  Platelet  membrane  lipoprotein, 
therefore,  will  be  subsequently  referred  to  as  platelet  factor 
3.  This  factor  acts  in  the  intrinsic  coagulation  pathway  at 
two  points.  First,  it  aids  in  the  conversion  of  Factor  VIII 
to  its  active  form  and  secondly,  (along  with  calcium.  Factor  X 
and  Factor  V)  platelet  factor  3  forms  the  complex  known  as 
prothrombin  activator  (vide  infra) ./6/  Biggs  et  al  /23/  have 
recognized  another  platelet  factor  that  is  active  in  the 
extrinsic  system  where  platelet  factor  3  is  inert.  They  found 
that  clotting  times  were  shortened  when  incubated  platelets 
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were  washed  and  added  to  coagulation  mixtures  of  normal  plasma 
and  plasmas  deficient  in  Factors  XIX,  XI,  IX,  and  VIII.  This 
effect  was  less  marked  when  the  same  platelets  were  added  to 
plasmas  deficient  in  Factors  V,  VII,  and  X.  Apparently  small 
amounts  of  Factor  XII  are  necessary  for  this  reaction  to  pro¬ 
ceed  hut  no  other  intrinsic  factors  are  needed.  They  there¬ 
fore  concluded  that  platelets  had  the  ability  to  elaborate  a 
tissue  factor  similar  to  tissue  thromboplastin  that  could 
initiate  coagulation  entirely  through  the  extrinsic  pathway. 

The  significance  of  platelet  tissue  factor  is  minor  because 
it  is  well  known  that  Factor  XII  deficiency  is  not  associated 
with  a  spontaneous  bleeding  tendency. /24/ 

The  other  platelet  factors  have  been  enumerated  by  Bowie 
et  al  /25/  who  recognize  seven  platelet  factors .  Platelet 
factor  1  has  been  shown  to  be  coagulation  Factor  V.  Platelet 
factor  2  and  4  are  low  molecular  weight  proteins.  The  former 
has  been  observed  to  shorten  the  time  for  fibrinogen  conversion 
by  thrombin.  Platelet  factor  4  is  an  antiheparin  which  also 
inhibits  the  action  of  fibrinogen  breakdown  products. /6/  In 
addition  to  these  factors,  virtually  all  of  the  coagulation 
factors  are  adsorbed  on  the  surface  of  the  platelet.  Fibrino¬ 
gen,  Factors  VIII,  XI,  XII,  and  XIII  are  tightly  bound,  while 
the  vitamin-K-dependent  factors  II,  VII,  IX,  and  X  are  easily 
dissociated  by  washing. /6/ 


Platelets  temporarily  errest  hemorrhage  and  platelet 
function  sets  the  stage  for  fibrin  formation  with  resultant 
permanent  hemostaais. 


The  Fibrin  Formation  Phase 

In  1957  Waaler  /26/  offered  a  convenient  way  of  studying 
the  coagulation  system.  This  concept  employs  two  systems  which 
usually,  but  not  necessarily,  react  simultaneously.  The  common 
end  point  is  prothrombin  activator.  Figure  1.  The  extrinsic 
and  intrinsic  pathways  are  discussed  in  detail  in  an  excellent 
review  by  Williams ,/27/  Bie  extrinsic  system  is  dependent  on 
tissue  juices  or  tissue  thromboplastin  which  is  present  in 
many  tissues  but  particularly  in  blood  vessel  walls,  lung,  and 
brain.  Calcium,  Factor  VII  and  tissue  thromboplastin  form  a 
complex  /29/  with  the  ability  to  convert  Factor  X  to  its  active 
form.  Activated  Factor  X,  Factor  V,  calcium,  and  phospholipid 
(collectively  referred  to  as  prothrombin  activator)  will 
support  the  conversion  of  prothrombin  to  thrombin. 
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The  intrinsic  system  involves  a  number  of  reactions 
commonly  referred  to  as  the  c is cade  or  waterfall  system  of 
coagulation.  This  system  is  initiated  by  activation  of 
Factor  XII.  A  number  of  in  vitro  substances  have  the  ability 
to  activate  this  factor  but  the  mechanisms  involved,  at  the 
present  time,  ore  only  postulates ,/30, 31/  Skin  /32/,  ellagic 
acid  /33,3V  other  electronegative,  vettable  surfaces  such 
as  glass,  diatosiaceous  earths,  micelles  of  long  chain  fatty 
acids  and  collagen  fibers  /7,35,3V  sdl  have  this  ability.  To 
facilitate  activation.  Factor  XII  plus  other  coagulation  factors 
are  bound  to  platelets  and  Factor  XII  is  activated  by  collagen 
contact  when  platelets  adhere  to  these  fibers  exposed  to  circulat¬ 
ing  blood.  Activated  Factor  XII  enzymatically  converts  Factor  XI 
to  its  active  form./37/  In  addition,  activated  Factor  XII  pro¬ 
motes  the  formation  of  kinins  via  activation  of  the  kallikrein 
system. /38/  Kinins  are  potent  hypotensive  agents  with  marked 
effect  on  splanchnic  circulation.  Activated  Factor  XII  plus  a 
plasma  cofactor  has  recently  been  shown  to  convert  plasminogen 
to  plasmin./39/  Although  a  considerable  amount  is  known  about 
Factor  XII,  our  knowledge  is  incomplete ,  For  instance.  Factor 
XII  deficiency  is  not  associated  with  a  spontaneous  hemorrhagic 
diathesis  /2 4/  and  how  this  factor  is  bypassed  in  intrinsic 
coagulation  is  3tlll  a  matter  of  speculation. 

Once  activated,  Factor  XII  enzymatically  converts  Factor 
XI  to  its  active  foxm./37/  Activated  Factor  XI  activates 
Factor  IX./40,4l/  This  reaction  is  calcium-dependent  and  is 
iiwiibited  bj  heparin  in  low  concentration. /4o/  If  activated 
Factor  IX  is  mixed  with  solutions  of  partially  purified  Factor 
VIII  in  the  presence  of  calcium  and  phospholipid,  coagulant 
activity  evolves.  Phospholipids  are  required  /4 1-43/  and 
thrombin,  in  trace  amounts,  potentiates  this  reaction. /44/ 

Heparin  is  a  potent  inhibitor  of  this  step./42/  Factor  VIII, 
when  enzymatically  activated  by  activated  Factor  IX,  is  able 
to  convert  Factor  X  to  its  active  form  in  the  presence  of 
calcium  as  a  cof actor. /43, 4 5,46/  When  Factor  X  is  activated 
it  forms  a  complex  with  Factor  V,  calcium  and  phospholipid 
(prothrombin  activator)  and  it  i6  able  to  proteolytically 
split  prothrombin  to  thrombin.  Thrombin  proteolytically 
digests  fibrinogen  and  forms  soluble  fibrin  monomer,  plus  two 
classes  of  peptides ./47/  Fibrin  monomer  spontaneously  poly¬ 
merizes  through  hydrogen  bonding  to  form  fibrin  polymer  which 
is  insoluble  in  isotonic  media. /48/  Fibrin  stabilizing 
factor  (Factor  XIII)  /49,50/  converted  to  its  active  form  by 
thrombin  converts  fibrin  polymer  into  a  hemostatically  competent 
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fibrin  gel  which  is  insoluble  in  five  molar  urea.  Heparin, 
in  the  presence  of  heparin  cofactor,  (antithrombin  II)  /51,52/ 
a  plasma  alpha  globulin,  is  inhibitory  to  thrombin  and  thus 
prevents  the  thrombin  induced  fibrinogen  reaction  and  the 
conversion  of  fibrin  stabilizing  factor  to  its  active  i'orm./50/ 

The  intrinsic  and  extrinsic  pathways  following  activation  of 
Factor  X  are  identical.  Figure  1.  In  the  intrinsic  system, 
the  phospholipid  is  of  platelet  oilgin  (platelet  factor  3). 
Phospholipids  acting  in  the  extrinsic  system  are  present  as 
microsomal  particles  in  tissue  thromboplastin  and  biochemically 
function  identically  to  platelet  factor  3»/27/  Russell's  viper 
venom,  an  agent  used  for  assaying  Factor  X  and  for  evaluating 
platelet  function,  has  the  ability  to  activate  Factor  X  directly 
without  utilizing  Factor  VII. /5ty  When  using  this  agent  for 
estimating  procoagulant  activities,  phospholipid  must  be  added  /27/ 
because  it  is  not  present  in  the  venom  and  tissue  thromboplastin 
is  not  used  in  the  reaction  mixture. 


Factor  VII  is  unique  to  the  extrinsic  system  while 
Factors  XII,  XI,  IX,  and  VIII  are  utilized  only  in  the  intrinsic 
system.  Factors  V,  X,  and  II  function  in  both  systems  as  a  final 
common  pathway  to  the  conversion  of  fibrinogen  to  fibrin  gel. 


Table  I  summarizes  the  coagulation  factors. 


table  l 

COAGULATION  FACTORS 


FACTORS 

Number  Name 

PLACE  OF 
SYNTHESIS 

PLASMA 

HALF-LIFE 

PRESENT  IN 

BANK  BLOOD 

l 

Fibrinogen 

Liver 

3-6  days 

yes 

11 

Prothrombin 

Liver 

216  days 

yes 

Ill 

TiBue  thromboplastin 

.  .  - 

•  .  . 

.  ■  • 

IV 

Calcium 

.  .  • 

•  •  . 

.  •  • 

V 

Proaccelerin 

Liver 

Few  hours 

RO 

VI 

•  ■  • 

... 

... 

... 

VII 

Proconvertin 

Liver 

5  hours 

yes 

VIII 

Antihemophilic  Factor 

or  Globulin  (AHF  or  AHG) 

Reticuloendo¬ 
thelial  system 

6-12  hours 

no 

IX 

Plasma  Thromboplastin 
Component  (PTC) 

Liver 

20-30  hours 

yes 

X 

Stuart-Prower 

Liver 

2-3  days 

yes 

XI 

Plasma  Thromboplastin 
Antecedent  <PTA) 

7 

60- hours* 

yes 

XH 

Hagemar  Factor 

7 

v  7 

yes 

Xlli 

Fibr  i  Stabilizing  Factor  (FSF) 

7 

7 

yes 

•  According  t0  Notsel  HL  et  *1:  hoc  Soc  Em- Biol  Med  115:896-897,  1964 
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Hie  commonly  used  tests  to  evaluate  the  various  steps 
of  the  coagulation  mechanism  consist  of  the  prothrombin  time 
(PT)  the  partial  thromboplastin  time  (PTT)  and  the  thrombin 
time  (TT). 

Hie  PT  tests  the  extrinsic  system  and  employs  the  addi¬ 
tion  of  tissue  extract  and  calcium  to  undiluted  plasma. />>/ 

This  test  primarily  reflects  the  presence  of  Factors  VII,  X, 
and  V  and  when  prolonged  any  one  or  a  combination  of  these 
factors  may  be  deficient  or  an  anticoagulant  may  be  present. 
Also  fibrinogen  must  be  present  in  a  concentration  of  at 
least  100mg/l00cc. 

Hie  PTT  evaluates  the  intrinsic  system  employing  a  mix¬ 
ture  of  kaolin  (for  surface  activation)  / 56/  and  cephalin 
(phospholipid  brain  extract) ,/57/  calcium  and  undiluted 
plasma.  Factors  XII,  XI,  IX,  VIII,  X  and  V  are  reflected 
and  prolongation  may  result  from  deficiencies  of  any  one  or 
more  of  these  factors.  Prolongation  f  the  PTT,  like  the  PT, 
may  be  due  to  an  anticoagulant  or  a  fiorinogen  concentration 
of  less  than  lOOmg/lOOcc. 

The  integrity  of  the  fibrinogen  to  fibrin  reaction  is 
measured  by  the  thrombin  time.  In  thi..  test  thrombin  is 
added  to  undiluted  plasma.  The  thrombin  time  is  the  most 
sensitive  test  for  hypofibrinogeneraia  or  the  presence  of  a 
circulating  anticoagulant  directed  against  thrombin  or  fibrino¬ 
gen  such  as  heparin  or  fibrinogen  breakdown  products. /58/ 

Prothrombin  deficiency  may  not  be  reflected  by  a  pro¬ 
longed  PT  or  PTT  because  these  tests  ore  relatively  insensitive 
to  this  factor.  To  be  certain  of  prothrombin  con  :entration 
an  assay  specific  for  factor  II  must  be  done. 

When  any  of  these  coagulation  tests  are  prolonged  one  must 
determine  whether  or  not  a  deficiency  state  as  opposed  to  the 
presence  of  a  circulating  anticoagulant  exists.  Hiis  can 
simply  be  done  by  mixing  equal  volumes  of  patient  plasma  with 
known  normal  plasma  and  repeating  the  abnormal  test(s).  If  a 
deficiency  state  is  present,  the  abnormal  test  should  correct 
on  mixing  whereas  the  test  would  remain  prolonged  in  the 
presence  of  a  circulating  anticoagulant. 

Tests  of  platelet  function  consist  of  i;he  platelet  count, 
the  primary  and  secondary  bleeding  times,  in  vivo  and  in  vitro 
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tests  i-of  .platelet  adhesiveness,  platelet  aggregation,  clot 
>•  retraction,  and.  evaluation  of.  platelet,  factor 4  3  activity,  ■ 
.These.  testa  are  discussed  by  Marcus  /&/  and  Ginsberg  and 
.  Astor  »/6/ 

{idacc'^  -aan.  >:> 


l«  '  \8  •  i 

The:  Fibrinolytic  Phase  s 

'<•>  »'»  1 

,  -  •  From  the  time  thrombin  is  formed,  the  conversion  of  \ 

■ ^fibrinogen  to  fibrin  proceeds  at  a  rapid  rate .  The  first  step  j 

,ij  In  thrombin  induced  proteolysis  of  fibrinogen  results  in  the 
.formation  of  fibrinopeptide  A  (P^)  plus  fibrinogen  deprived  of  ; 

c.  .,-£/(  fg) .  P.  plus  fg  are  further  degraded  by  thrombin  producing 
-  :  :f ibrin-moneKer  .(£)  plus  fibrinopeptide  B  (P3).  This  reaction  ! 

■  •  can- be-  schematically  diagramed  as  follows  ,/59/  j 


■  FH^Pa  +  ig^t  *  PB 

F  *  flfcdsojen;  T  »  thrombin;  fg*  fibrinogen  derived  of  fibrinopeptide  A;  f “fibrin  monomer; 

R .  and  P®  see  fibrinopeptidej. 

The  first  breakdown  product  formed  is  fg  and  it  is  able  to 
polymerize  and  clot  without  further  thrombin  action  The 
recognition  of  this  early  degradation  product  in  the  circula¬ 
tion  may  provide  useful  information  that  the  patient  is  develop¬ 
ing  intravascular  coagulation. / 59/ 


Ten  milliliters  of  blood  contain  sufficient  thrombin  to 
clot-  2,500  ml  of  plasma  in  ten  seconds  if  all  the  prothrombin 
were  converted. /6o/  Thrombin  therefore  must  be  inhibited  lest 
a  small  insignificant  injury  produce  widespread  devastating 
intravascular  coagulation.  A  number  of  checks  and  balances 
exist  in  the  sequence  of  events,  lieykin  et  al  /6l/  showed  that 
the  perfused  rabbit  liver  is  able  to  remove  activated  Factor  X 
from  the  circulation,  thereby  inactivating  the  final  common 
pathway  before  thrombin  formation  occurs.  The  liver  also  has 
the  ability  to  clear  activated  Factors  XI  and  IX. /62/  In 
addition  xx>  the  liver  which  inactivates,  and  a  rapid  circula¬ 
tion  which  dilutes  and  washes  away  the  procoagulant  material, 
there  are  a  number  of  circulating  antithrombins.  As  discussed 
by  Soulier  /63/  there  sure  six  antithrombins  whose  mechanisms 
of  thrombin  inactivation  include  adsorption  and  neutralization; 
the  former  is  a  rapid  process  while  the  latter  takes  place  over 
a  protracted  period  of  time./6o/ 
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'  : 'There  feists^  till  another  potent  inayiae!.  system' vhich>- 
intex^ex^s''%iW(th'e-  fibrinogen-fibrin  conversion  which  -produces 
&nti^6e^n^t^t^ih^33u^;s.:  Plasminogen',- '  a  circulating)  plasritji 
globulin,  is  activated  by  highly  specific  proteolytic  enzymes 
called  plasminogen  activators  or  kinases.  Uhe  kinases  probably 
open  the  arginyl -valine  bond  in  plasminogen  and  expose  the 
active  enzyme  center  of  plaamin ./64/  Kinases  are  found  in 
trace  amounts  in  all  body  fluids  but  sharply  increase  when, 
there  is  increased  fibrinolytic  activity  in  the  blood.  They 
are  alfe  found-  in  urine  (urokinase)  and  in  most  body  tissues; 

"  fed’  they  ale  especially  concentrated  in  lysosomal  granules  and 
vascular  endothelial  cellsv/65/  Plasminogen  activation  also 
occurs  'In  the  presence  of  activated  Factor  XU  plus  a  plasma 
cofactor .^39/  product  of  plasminogen  activation  is  plasmin, 

'"a  paroteoiytic  enzyme ;  similar  to  trypsin $  capable-  of  hydrolyzing 
a  number  of  plasma  proteins  including  coagulation  Factors  -V  and 
VXII./65/  Its  action  on  fibrinogen  and  fibrin  results  in  a 
number  of  breakdown  products  -that  differ. from  those  produced  by 
thrombin.  The  first  reaction  of  fibrinogen  subjected  to  plasmin 
"is  'the  release'  of- two  groups  of  polypeptides./66/  The  first 
group  are  small  polypeptides,  soluble  in  trichloroacetic  acid, 
and  comprise  about  36  percent  of  the  total  nitrogen  derived  from 
fibrinogeu./66/  The  ’second  group  are  high  molecular  weight 
(RKW)  fragments  accounting  for  70  percehi  of  the  total  fibrino- 
geh  nitrogen „/66/  It  is  these  BMW  fragments  that  have  consider¬ 
able  importance  in  the  hemorrhagic  diathesis  produced  by 
fibrinogen  breakdown  products.  Under  the  influence  cf  plasmin 
the  HMX  fragments  form  intermediates  known  as  X  and  Y./67/ 

Further  proteolysis  occurs  and  fragments  D  and  E  are  formed 
which  are  resistant  to  further  plasmin  action. /68/  The  proteo¬ 
lytic  action  of  plaamin  on  fibrin  results  in  similar  end-products 
to  those  resulting  from  its  action  on  fibrinogen,  yielding  frag¬ 
ments  Y,  D  and  E  / 59/  but  no  X  fragment. 

As  noted  by  Kowalski  /59/  in  bis  excellent  review  of 
fibrinogen  derivatives,  fragments  X  and  Y  and  fragments  D  and  E 
are  referred  to  as  the  "early"  and  "late"  fibrinogen  degrada¬ 
tion  products.  Fragment  X  and  fibrinogen  have  a  similar 
molecular  weight  and  electrophoretic  mobility.  Fragment  X  is 
clottable  by  thrombin  but  clots  at  a  much  slower  rate  than 
fibrinogen  fed  probably  results  in  a  defective  clot  structure . 
Fragments  Y,  D-,  and  E  are  unable  to  clot  and  are  potent 
inhibitors  of  the  clotting  process.  When  using  the  thrombin 
time  to  compare  the  anticoagulant  affects  of  the  fibrinogen 
degradation  products,  one  finds  that  the  early  fibrinogen  degrada¬ 
tion  products  (X  and  Y)  cause  greater  prolongation  than  the  late 
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products  (D  and  K)  V  because  .the,  early  . . 

products  have  two  anticoagulant  capabilities,  (l)  They  com¬ 
pete  with  fibrinogen  for* available'  thrombin  and  (2)  they  form 
insoluble  non-clottable  complexes,  with,  fibrin  monomer.. .  Al¬ 
though  fragments  D-and"£  era  less>  potent  in  prolonging  . 
thrombin  time,  their  presence  at.  the  time  of  fibrin  polymeriza¬ 
tion  results  in  a  grossly  abnormal  fibrin  gel.  The  mechanism 
r:ofr  action  of  fragment  E  ' is.  Unknown  although  it  is  thought  to 
inhibit-  the  fibrinogen-fibrin  conversion.  Only  a  slight  pro¬ 
longation  of  the  thrombin  time  is  obtained  when  this  factor  is 
tested  ittifii purified  state. 

'  *  '  .  8* 

•  r .  Fibrinogen-  degradation,  products  (FDP)  are  also  able  to 
inhibit  platelet  function.  The- early  FDP  are  more  effective 
but  significant  inhibition  is  also  afforded  by  the  late  products. 
Platelet  adhesion  to  glass,  aggregation,  and  release  of  adenine 
neudeotides  are  all  impaired. /6?, 69-72/ 

There  are  various  inhibitors-  circulating  which  inactivate 
the--  plasminogen  system.  Plasma  contains  potent  antiplasmins  in 
.sufficient  concentration  to  inactivate  ten  times  the  available 
plasmin.  The  active  factor  is  an  alpha-l-globulin  probably 
identical  with  alpha-1 - ant it ryps in .  It  has  both  immediate  and 
protracted  activity./65/  The  antiplasmins  are  particularly 
important  since  the  proteolytic  activity  of  plasmin  is  not 
specific  for  fibrinogen  but  is.  capable  of  digesting  other 
plasma  proteins  as  vell./64/ 

Plasminogen  in  vivo  probably  exists  as  a  two-phase  system. 
(1)  The  circulating  fraction  accounts  for  fibrinogenolysis  when 
activated,  and  rapid  inactivation  by  circulating  antiplasmin 
occurs  lest  the  anticoagulant  properties  of  tbs  degradation 
products  -'cause  a  generalized  bleeding  state.  (2)  Fibrinolysis 
is  afforded  by  plasminogen  activation  occurring  in  the  inter¬ 
stices  of  a  thrombus.  When  fibrin  gel  forms,  plasminogen  is 
trapped  within  the  network.  Diffusion  or  incorporation  of 
activator  into  the  thrombus  produces  a  localized  plasmin  de¬ 
posit  within  the  clot  where  the  only  substrate  available  for 
proteolysis  is  fibrin.  When  the  thrombus  finally  breaks  down, 
the  unused  plasmin  is  rapidly  inactivated  by  circulating  anti- 
plaamins  ./6V 

The  net  result  of  the  two-phase  plasminogen  system  is  that 
no  plasmin  iB  present  in  the  circulation  but  a  potential  for 
widespread  activation  exists.  This  can  occur  systemically,  as 
in  fibrinogenolysis,  or  locally  which  results  in  thrombus  dis¬ 
solution  by  fibrinolysis. /6U/ 
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DISSEMINATED  INTRAVASCULAR  COAGULATION  (DIG) 


—  *’  •Iri-'otder  to  recognize  the  ■  syndrome  of , Die  the  physician 
must  heve  ias-high  index  :'of  suspicion,  be  aware  of  the  various 
settings  in  which  it  occurs,  and  be  able  to  interpret  the 
; coagulation  laboratory  data. 


When' blood  clots-  in  vitro;  Factors  I,  II,  V,  and  VIII  and 
platelets  are  consumed. /73/  This  re  milts  in  prolongation  of 
the  FT,  PTI,  and  TT.-:  Specific  factor  assays  will  show  the 
amount  of  depression  of  the  involved  factors.  When  these 
laboratory  results  are  obtained  and  the  clinical  setting  is 
proper;^ there  is,  ot  course,  no- problem  in  making  the  diagnosis. 
The' situation,  hoirever,  is  rarely  so  clear  cut.  In  the  early 
stages' 'of  the  syndrome,  factor  levels  may  not  be  significantly 
changed  from  baseline  values .  The  first  clinical  manifestation 
may  be  ecchymoses  resulting  from  consumption  of  platelets. 

When  the  syndrome  is  acute,  the  patier.t  may  d»t?riorate  rapidly 
as  fVldenced-by  progressive  bruising,  purpura,  oozing  from  veni¬ 
puncture  sites  and  mucous  membrane  surfaces,  as  well  as  by 
developing  thrombotic  lesions.  At  this  point  the  PT  and  PTT  are 
almost  invariably  prolonged  as  a  result  of  utilization  of 
coagulation  factors.  Catastrophic  hemorrhage  may  occur, 
particularly  in  obstetrical  patients,  but  usually  the  bleeding 
is  in  the  same  patterns  as  described  for  other  patients ./l/  In 
the  subacute  form  of  the  syndrome  laboratory  values  may  be  only 
slightly  abnormal.  Diagnosis  in  such  instances  will  require 
the  performance  of  more  selective  laboratory  tests,  such  as  the 
euglobulin  lysis  time,  the  evaluation  of  fibrinogen  breakdown 
products  and  circulating  plasminogen  levels.  (Hie  euglobulin 
lysis  time  /74,75 /  is  a  somewhat  crude  test  grossly  measuring 
the  amount  of  circulating  plasminogen  activator.  If  increased 
levels  are  present,  more  plasminogen  is  activated  and  the  clot 
lysis  time  shortens.) 


The  most  informative  test  is  the  measurement  of  FDP  by  one 
or  more  methods.  Thomas  et  al  /76/  studied  four  commonly  used 
methods  for  evaluating  fibrinogen  degradation  products.  No 
single  test  was  100  percent  reliable.  The  Fi  test  /77,78/  and 
the  'staphylococcal  clumping  test  (SCI)  /79/  were  primarily 
sensitive  to  the  early  degradation  products  while  the  tanned 
red  cell  hemagglutination  inhibition  immunoassay  (TRCHIl)  /78,80/ 
was  sensitive  to  both  early  and  late  fibrinogen  degradation 
products.  In  DIC  with  markedly  elevated  levels  of  fibrinogen 
degradation  products  all  four  teats  vers  positive  and  there  was 
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correlation  between  the  FI  test,  5CT,  and  TRCHII. 
Thf  Immunodiffusion  wan  positive  in  only  70  percent  of  the 
patients  however.  /76/  The  simpliest  test  and  many  times  a 
morl  informative  one  is  the  examination  of  the  blood  smear 
for  evidence  of  a  microangiopathic  hemolytic  anemia  /Ql/ 
where  fragmented  cells,  helmet  cells,  burr  cells,  and  micro- 
nn  hero  cyber,  may  be  present  in  great  abundance.  Presumably 
the  mechanism  for  this  is  trauma  to  the  red  blood  cells  as 
they  pars  through  a  microcirculation  clogged  with  fibrin 
deposits. 


The  Clinical  Setting 

DIC  occurs  in  a  variety  of  clinical  settings.  Bachmann  /Q ?/ 
her.  utilized  a  classification  consisting  Of' three  categories 
bared  on  the  causative  pathophysiologic  mechanisms. 

Bachmann’s  first  category  consists  of  those  diseases  in 
which  blood  flow  is  markedly  reduced  and  stasis  results.  The 
prototype  of  this  category  is  the  giant  hemangeoma  (Kasabach- 
Meritt  syndrome).  In  the  enlarged  tortuous  hemangiomatous’ 
vessels  blood  flow  is  markedly  reduced  and  slow  activation  of 
the  Intrinsic  pathway  occurs  even  in  the  presence  of  a  normal 
vascular  endothelium.  Activated  coagulation  factors  are  not 
released  to  the  systemic  circulation  to  be  cleared  by  the  liver 
and  the  reticuloendothelial  system./^/  Primarily  via  intrinsic 
cor- filiation  fibrin  is  deposited  in  the  hemangioma.  In  response 
to  this  localised  coagulation,  fibrinolysis  is  stimulated  with 
resultant  fibrinogen  degradation  products.  Factors  I,  II,  V, 

VIII  and  platelets  arc-  continually  utilized  and  plasminogen 
levels  are  decreased.  When  utilization  of  these  factors 
exceeds  the  rate  of  production,  a  deficiency  state  results. 
Bleeding  may  develop  and  be  further  potentiated  by  the  anti¬ 
coagulant  properties  of  the  fibrinogen  degradation  products. 
Disseminated  intravascular  coagulation  also  occurs  by  the 
above  mechanism  in  patients  in  severe  heart  failure  with  marked 
edema  (pulmonary,  peripheral,  or  both)  and  in  patients  at  bed 
rest  for  any  reason  (especially  in  the  elderly). 

In  the  second  category  are  the  conditions  in  which  thrombo- 
plastic  substances  are  released  into  the  circulation.  This 
includes  a  great  many  conditions  as  thromboplastin  is  present 
in  varying  concentrations  in  virtually  all  body  tissues.  The 
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highest  percentage  of  this  group  are  obstetric  patients  with 
abrupt io  placenta,  a  retained  dead  fetus,  or^am^iotic  fluid 
eir.bol  1 .  Acute  intravascular  hemolysis  secondary^ to  incom-, 
petiole  blood  transfusion,  drowning,  infections, >tc.’ may 
also  be  associated  with  DIC  presumably  from. thromboplastin 
released  from  the  lysed  red  blood  call;  Massive  tissue 
injury ,  burns,  transplant  rejection  and  surgery  all. release, 
thromboplastin  into  the  circulation.  In  transplant^, rejections 
t.  n  t  i  gen  -  an  t  ib  ody  complexes  have  been  shown  to  cause  the 
platelet  contraction-release  phenomenon. /l8/ 

'DIC  associated  with  surgery  probably  has  a  higher 
frequency  than  has  been  realised.  Lung  surgery  and  surgery 
associated  vith  extracorporeal  circulation  are  prime , situations 
for  the  occurrence  of  DIC.  The  high  concentration  of  thrombo¬ 
plastin  in  lung  tissue,  the  extensive  foreign  surface  contact, 
and  tissue  trauma  associated  with  operations  requiring  extra¬ 
corporeal  circulation  allow  for  maasive  generation, of  pro- v 
thrombin  activator  via  both  intrinsic  and  extrinsic  pathways. 
Neoplastic  diseases  are  frequently  associated  with  thromboembolic 
complications.  In  Merskeya  series  of  patients  with  DIC  one -third 
of  the  cases  had  cancer. /l/  Ifce  moat  frequent  diagnoses  were 
carcinoma  of  the  prostate  and  prooyelocytic  leukemia.  Cancer  of 
the  lung,  breast,  stomach,  pancreas,  cervix,  and  colon  have  all 
been  implicated. 

.  ■  -  •  .  5  .•  . 

The  third  category  of  Bachmann  consists  of  those  conditions 
in  which  there  are  multiple  reasons  for  activation  of  coagula¬ 
tion  mechanisms.  The  infectious  diseases  fall  into  this 
category  and  there  are  extensive  reviews  covering  this  subject ./84-91/ 
Gram-positive  (pneumoccus,  meningococcus),  Oram-negative 
(Escherichia  coli,  pseudomonas,  klebsiella,  proteus) ,  rickettsiae 
(Rocky  Mountain" spotted  fever),  viral  diseases,  and  parasites 
(Plasmodium  falciparum)  all  may  initiate  DIC  through  variable 
mechanisms.  The  Gram -negative  organisms  have  particular 
importance  because  of  the  potent  endotoxins  released,  perhaps 
the  most  common  mechanism  of  DIC  initiation  in  this  category  is 
via  endothelial  damage  and  platelet  aggregation.  Other  diseases 
also  falling  into  this  category  are  glomerulonephritis,  purpura 
fulminans ,  thrombotic  thrombocytopenic  purpura,  and  the  hemolytic- 
uremia  syndrome. 

Ihe  association  of  shock  and  DIC  has  been  extensively  re¬ 
viewed  by  Hardaway ./85. 92. 93/  Shock,  from  whatever  cause,  is  a 
state  associated  with  inadequate  tissue  perfusion  and  slowing  of 
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oaplll ary  blood  flow  resulting  in  acidosis  and  stasis,  ihese 
conditions  are  sufficient  to  initiate  coagulation  via  the 
intrinsic  pathway.  Usually  there  is  associated  vascular  endo¬ 
thelial  damage,  tissue  necrosis  or  trauma  resulting  in  activa¬ 
tion  of  the  platelet  phase  as  well  as  the  extrinsic  coagulation 
mechanism.  Particularly  important  is  inadequate  perfusion  of 
the  liver  because  activated  clotting  factors  cannot  be  cleared 
from  the  circulation  and  the  liver  dependent  factors  (including 
the  vitamin  K  dependent  factors)  are  produced  at  suboptimum 
rates.  This  sets  a  situation  for  DIC  and  the  bleeding 
associated  with  consumption  of  coagulation  factors  is  abetted 
by  the  decreased  circulating  levels  of  the  factors  synthesized 
in  che  liver.  '  ' 

If  the  syndrome  of  DIC  is  allowed  to  progress,  a  number 
of  organs  are  particularly  damaged.  Severely  affected  are  the 
kidneys  where  renal  cortical  necrosis  may  result.  Hemorrhagic 
adrenal  necrosis,  periportal  hepatic  necrosis  and  postpartum 
pituitary  necrosis  are  common  findings.  In  addition,  fibrin 
deposits  are  frequently  present  in  the  lungs,  spleen,  heart, 

GI  tract  and  brain.  /94, £>/ 

Renal  cortical  necrosis  most  commonly  occurs  in  associa¬ 
tion  with  pregnancy  and  is  identical  to  that  produced  in  the 
Generalized  Schwartzman  reaction  (GSR)  of  experimental  animals. 
Hie  similarity  of  the  lesions  of  the  GSR  to  that  of  DIC  makes 
the  GSR  an  excellent  experimental  model  for  studying  the 
pathogenesis  mid  treatment  of  the  latter  syndrome.  /9I*/ 


PRIMARY  FIBRINOLYSIS 

Fibrinolysis  occurs,  for  the  most  part,  as  a  secondary 
manifestation  of  DIC.  Primary  fibrinolysis  is  a  rare  condi¬ 
tion  /l/  but  there  are  a  few  clinical  situations  in  which  this 
syndrome  may  exist  without  antecedent  intravascular  coagula¬ 
tion.  Sherry  /6 5/  describes  three  situations  in  which  this 
may  occur.  (1)  If  inordinate  amounts  of  plasminogen  activator 
are  admitted,  to  the  circulation,  the  antiplasmas  are  overwhelmed 
and  fibrinogenolysis  occurs  which  produces  a  bleeding  syndrome 
clinically  indistinguishable  from  DIC.  Prcstatic  tissue  is  rich 
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in  urokinase  and  carcinoma  of  the  prostate  or  prostatic 
surgery  may  allow  the  release  of  considerable  activator 
material.  Severe  anoxia,  shock  and  extensive  surgery, 
especially  lung  and  cardiac  bypass  surgery,  have  also  been 
implicated  as  causing  excessive  activator  release. 

(2)  Cirrhosis  and  other  hepatic  diseases  impair  the  ability 
of  the  body  to  inactivate  or  clear  activator  substances  and 
significant  hyperplasaiiiemia  remits.  (3)  Activation  of 
plasminogen  may  occur  when  proteolytic  enzymes  capable  of 
fibrinogen  degradation  appear  in  the  circulation.  In  some 
leukemias  increased  cell  turnover  is  associated  with  the 
liberation  of  intracellular  proteases  in  excessive  quantities. 
•Hie  diagnosis  of  thi3  condHion  may  be  difficult  because  the 
laboratory  data  are  similar  to  these  seen  in  DIC.  The 
condition  is  likely  when  there  is  marked  reduction  in  plasma 
plasminogen  levels,  marked  fibrinolytic  activity  as  evidenced 
by  the  markedly  shortened  euglobulin  lysis  time,  and  only  a 
modest  reduction  In  Factors  V  and  VHI./65/ 


TREATMENT 

for  DIC, and  PRIMARY  FIBRINOLYSIS 

Successful  treatment  of  the  patient  with  DIC  necessitates 
removal  of  the  initiating  cause,  the  use  of  agents  to  terminate 
the  accelerated  coagulation  process,  replacement  of  depleted 
coagulation  factors  and  platelets,  and  prevention  of  further 
plasminogen  activation.  No  single  agent  exists  that  will 
effectively  meet  all  of  these  requirements.  In  some  instances 
merely  the  early  removal  of  the  coagulation  stimulus  (such  as, 
the  retained  dead  fetus  or  abruptcio  placenta)  will  stop  the 
process  because  plasma  checks  and  balances  had  not  been  over¬ 
whelmed.  Usually,  this  is  not  the  case  and  definitive  treat¬ 
ment  is  required. 

The  use  of  fresh  whole  blood  is  recommended  for  its 
ability  to  replenish  the  consumed  coagulate  on  factors  inc. 'ding 
Factor  V,  Factor  VIII  and  platelets  which  are  not  present  in 
bank  blood.  If  fresh  whole  blood  is  not  available,  platelet 
concentrates  and  fresh  frozen  plasma  are  suitable  substitutes. 
Transfusions  alone  may  occasionally  be  able  to  arrest  the 
hemorrhage  if  the  syndrome  is  mild,  but  usually  heparin  must 
be  added  lest  the  transfusion  merely  adds  "fuel  to  the  fLce". 
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Heparin  is  effective  in  treating  DIC.  Effectiveness  of 
heparin  therapy  is  demonstrated  by  a  return  to  normal  of  the 
labile  coagulation  factors,  by  arrest  of  hemorrhage,  and  by 
improvement  in  the  clinical  status  of  the  patient. /l. 96/ 

Heparin  will  ameliorate  the  coagulopathy,  but,  as  suggested 
by  several  studies  /97-X02/,  it  may  not  increase  the  chances 
for  survival  of  patients  in  septic  shock.  The  study  by 
Corrigan  and  Jordan  /qff  showed  that  of  the  26  children  with 
septic  shock,  24  had  associated  coagulation  defects  and  were 
treated  with  heparin.  Fourteen  (58  percent)  of  the  patients 
treated  with  heparin  did  not  survive  despite  the  significant 
improvement  of  coagulation  parameters  before  death  in  three 
of  the  fatal  cases.  Therefore ,  treatment  of  the  coagulopathy 
alone  is  insufficient  to  improve  survival  statistics.  Failure 
to  correct  irreversible  shock  will  lead  to  death  in  spite  of 
adequate  therapy  of  the  associated  coagulopathy. 

Methods  of  heparinization  are  as  many  as  there  are  authors 
who  write  about  them.  The  pros  and  cons  of  one  method  as 
opposed  to  another  will  not  he  discussed.  I  use  a  modification 
of  the  method  of  Stamm. /103/  The  initial  heparin  dose  is 
usually  10,000  units  by  intravenous  push.  Subsequent  dosages 
are  adjusted  to  prolong  the  baseline  clotting  time  2|-  times 
when  measured  Tour  hours  after  injection.  Initial ly  heparin 
is  given  on  a  six-hour  schedule,  but  four  and  two-hour 
schedules  are  sometimes  required  when  the  coagulation  process 
is  severe..  I  have  no  experience  with  the  constant  infusion 
method  although  it  has  been  reported  to  be  effective. /l/ 

If  there  is  evidence  of  hyperplaaminemia,  as  reflected  by 
a  shortened  euglobulin  lysis  time,  and  plasma  plasminogen 
levels  are  low,  epsilon  amino  caproic  acid  (EACA)  or  trasylol 
may  be  indicated.  These  agents  are  potent  inhibitors  of 
plasminogen  conversion  and  are  the  agents  of  choice  when 
primary  fibrinolysis  is  present.  One  must  he  certain  of  the 
diagnosis  lest  this  agent  cause  acute  renal  failure  secondary 
to  disseminated  intraglomerular  coagulation.  /96 / 

The  coomarin-grcup  of  anticoagulants,  in  common  thera¬ 
peutic  dosages,  do  not  have  the  antithrombotic  capability  to 
halt  DIC./20/  The  primary  value  of  this  "roup  of  anticoagulants 
is  maintenance  of  long-term  anti coagulation  after  an  acute 
process  (such  as,  pulmonary  embolism  or  thrombophlebitis)  has 
subsided. 
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Ir.  this  review  of  normal  hemostasis  and  disseminated 
intravascular  coagulation,  an  attempt  has  been  made  to  present 
the  coagulation  scheme  in  a  lucid  fashion.  Indeed  it  is  com¬ 
plicated,  and  many  questions  remain  unanswered  in  our  present 
state  of  knowledge .  The  syndrome  of  DIC  is  being  recognized 
with  increasing  frequency  as  physicians  become  more  familiar 
with  the  clinical  settings  in  which  it  may  occur.  A  patho¬ 
physiologic  classification  of  DIC  has  been  reviewed  and  a 
brief  guideline  for  therapy  presented.  It  is  hoped  that  the 
bibliography  will  serve  as  a  ready  reference  for  those  desiring 
more  detailed  knowledge  of  the  mechanisms  of  hemostasis  and  the 
syndrome  of  disseminated  intravascular  coagulation. 
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If  the  least  -scratch  is  made  on  the  skin  as  mortal  a  hemorrhage  will 
eventually  ensue  as  if  the  largest  wound  was  inflicted.  The  divided 
parts,  in  some  instances,  have  had  the  appearance  of  uniting. .  .  when, 
generally  about  a  wnek  from  the  injury,  an  hemorrhage  takes  place 
from  the  whole  surface  of  the  wound,  and  continues  several  days;.  . . 
the  strength  and  spirits  of  the  person  become  rapidly  prostrate;  the 
counterance  assumes  a  pale  and  ghostly  appearance-,  the  pulse  loses 
its  force,  and  is  increased  in  frequency;  and  death,  from  mere  debility, 
then  soon  closes  the  scene. 

It  is  a  surprising  circumstance  that  the  males  only  are  subject  to  this 
strange  affection,  and  that  all  of  them  are  not  liable  to  it. .  .  Although 
the  females  are  exempt,  they  are  capable  of  transmitting  it  their  male 
children.  .  . 

Various  remedies  have  been  employed  to  restrain  the  hemorrhage  — 
the  bark,  astringents  used  topically  and  internally,  strong  styptics, 
opiates,  and,  in  fact,  all  those  means  that  experience  has  found 
serviceable  have  been  tried  in  vain. 

—  JOHN  C.  OTTO.  K.D.,  J803 
On  Hemophilia 
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PRESENT  CONCEPTS  IN  THE  MANAGEMENT  OF  HEMOPHILIA  A 
MAT  Joseph  D.  McCracken,  MC 


Hsnjophilia  A  is  one  o f  the  oldest  hematologic  problems 
known  to  mankind.  The  etiology  of  thl3  condition,  its 
diagnosis  and  treatment  baffled  physicians  for  many  cen¬ 
turies.--  Oily  in, the  last  decade  have  truly  great  advances 
been  made-  Today  it  is  possible  to  detect  easily  even  mild 
cases  of .hemophilia  and  to  treat  effectively  such  patients 
so  that  they  may  live  reasonably  normal  lives. 


The  genetics  of  hemophilia  (factor  Till  deficiency)  are 
a  classic  example  of  x -linked  recessive  inheritance.  There 
also  appears  to  be  two  variations  of  the  presentation  of  this 
condition  —severe  and  mild.  Abnormalities  of  the  same  degree 
are  transmitted  in  the  same  family,  i.e.  severe  hemophiliacs 
give  rise  to  severe,  and  mild  hemophiliacs  to  mild  hemophil's 
in  subsequent  generations. 

Severe  deficiency  states  in  classical  hemophilia  A  are 
those  in  which  factor  VIII  levels  are  usually  not  detectable. 
These  people  present  with  spontaneous  hemorrhage  in  the  form 
of  hematomas,  hemarthroses,  or  hematurias  and  bleeding  after 
any  type  of  trauma  or  minor  surgery  is  potentially  serious. 

A  mild  deficiency  of  factor  VIII  (a  plasma  level  of 
2-10  percent  of  normal)  is  rarely  associated  with  spontaneous 
hemorrhage  and  may  become  apparent  clinically  only  after 
surgery  or  trauma  when  such  patients  may  have  severe  diffi¬ 
culties  with  hemostasis. 

Detection  of  hemophilia  A  has  advanced  considerably  with 
the  introduction  of  the  partial  thromboplastin  time  (PTf). 
Traditionally,  factor  VIII  deficiency  vas  suspected  when  v 
patient  presented  with  a  normal  bleeding  time  and  a  prolonged 
clotting  tine.  The  prothrombin  time  does  not  measure  factor 
VTI,  is  not  dependent  on  it,  and  is  normal  in  hemophilia. 
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The  PTf  in  normal  plasma  is  h5-85  sec,  in  mild  hemophilia 
85-1 1  $  sec,  and  for  severe  hemophilia  greater  than  *120  sen.  /I  / 
If  one  uses  the  kaolin  activated  PTT,  mild  hemophilia  would  he 
susoectod  in  the  60  second  range,  and  severe  hemophilia 
will  usually - result 1  ip  valuep  pye^'69,  appends,  By  addjpg 
various  dilutions  of  either  normal  plasma  or  low  factor ‘ Till 
plasma  from  a  severe  hemophiliac  one  pan  per£w3>a  quantita-  . 
tive  assay  to  determine  the  percent  of  factor  VIII  present 
lr.  the  patient's  plasma. 

The  stability  of  factor  VIII  in  vitro  depends  on  a 
variety  of  conditions,  including  the  anticoagulant  used  for 
blood  collection,  the  rapidity  with, which  the  plasma  is 
separated  and  frozen,  arjd  the  temperature  at  which  it  is 
stored..  /2/  Factor  VIII  activity  is  preserved  best  with 
acid  citrate  dextrose  (ACD)  and  plasma  should  be  separated 
from  the  red  cells  and  stored  without  delay.  During  the 
first  18  hours  of  storage  at  U°C,  20-hO  percent  of  the  origi¬ 
nal  factor  VIII  activity  is  lost.  Also  the  process  of 
freezing  and  thawing  plasma  may  be  associated  with  a  20  per¬ 
cent  loss  of  factor  VIII.  However,  once  plasma  is  frozen, 
factor  VIII  remains  relatively  stable  for  periods  of  several 
months  provided  the  material  is  kept  at  20  C  or  below. 


Factor  VIII  Concentrates 

Before  the  development  of  effective  factor  VIII  concen¬ 
trates,  the  large  amounts  of  fresh  plasma  necessary  to 
maintain  therapeutic  levels  of  factor  VIII  for  prolonged 
periods  invariably  led  to  vascular  overload.  Howevor,  in 
recent  years  several  methods  have  evolved  to  produce  factor 
VIII  concentrates.  There  are  four  principal  factor  VIII 
concentrates  available  and  TABLE  I  gives  a  basic  description. 

Hemofil  is  a  new,  high  potency  glycine  precipitated 
factor  VIII  concentrate,  from  100  to  U00  times  purified  end  can 
be  administered  to  patient?  in  solutions  100  times  more  con¬ 
centrated  than  plasma.  /'},/  The  product  appears  stable  and 
causes  no  immediate  untoward  side  reactions.  The  plasma 
factor  VIII  levels  of  patients  with  classical  hemophilia  can 
be  normalized  with  small  volumes  of  the  glycine  precipitated 
material  given  by  syringe.  Thus,  its  principal  merits  are  the 
lowering  of  amounts  of  Volume  necessary  to  obtain  therapeutic 
levels,  and  being  able  to  store  it  in  refrigeration  rather 
than  freezing,  /!*/ 
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Fibro  AHF  is  an  ethanol  precipitate  and  contains  a 
considerable  amount  of  fibrinogen  from  which  factor  VTII  is 
difficult  to  separate.  Because  it  is  prepared  from  pooled 
plasma  there  is  a  considerable  risk  of  serum  hepatitis.  It 
is  also,  somewhat  expensive.  Hemolysis  appeal’s  to  be  a 
recognized  complication  of  Fibro  AHF  with  a  pojitive  Coombs' 
test,  splenomegaly,  and  increased  osmostic  fragility.  /$/ 
Possibly  this  is  related  to  its  high  fibrinogen  consent, 
because  hemolysis  is  seen  less  often  with  the  other  prepara¬ 
tions  lower  in  fibrinogen  content. 

Antihemophilic  factor  (Courtland)  is  a  lympholized 
preparation  of  cryoprecipitate  from  pooled  plasma  which  is  the 
only  product,  which  may  be  stored  at  room  temperature  up  to 
six  months.  Again  serum  hepatitis  is  a  risk  when  using 
this  product. 

Cryoprecipitate  was  prepared  in  1 ?6U  by  a  simple  method 
of  separating  factor  VUI  from  plasma  by  cold  or  "cryo" 
precipitation.  This  technique  is  feasible  because  much  of  the 
factor  Till  remains  associated  wi th  a  fibrinogen  precipitate 
that  forms  when  frozen  plasma  is  gradually  thawed  at  5  C,  This 
material  is  harvested  and  then  frozen  until  used.  Using  this 
method  most  large  blood  banks  can  easily  produce  cryoprecipi¬ 
tate.  Thus  it  can  be  preoared  inexpensively.  The  risk  of 
serum  hepatitis  is  decreased  as  the  material  is  harvested 
from  a  few  select  units  of  plasma. rather  than  pooled  plasma. 

The  most  serious  shortcoming  is  its  variable  factor  VIII 
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content  -  the  average  yield  being  68  percent  and  varying 
from  20  to  90  percent.  fbf 

.  ■ 

I  ■<  Ht  . 

Treatment  of  Factor  VIII  Deficiency  ' 


Dosages  of/jt^ese  various  agents  depend  on  their  standard¬ 
isation  to  determine  the  number  of  antihemooh.il ic  factor  (AHF) 
units  per  milliliter.  One  unit  of  factor  VIII  is  defined  as 
the  amount;  of  factor  VIII  in  one  milliliter  of  normal  olasma. 

To  calculate  the  amount  of  factor  /III  necessary  to 
obtain  an  80  percent  level  of  factor  VTII  in  a  70  kg  patient 
with- severe -hemophilia  whose  hematocrit  is  percent  may  be 
done  by  the  following  formula:  /?/ 

Blood  Volume  3  (70  kg)  (8*)  3  5600  ml 

Plasma  Volume  3  (100  minus  hematocrit)  x  Blood  volume 
3  55*  x  5600  ml 
3  3080  ml  (100*) 

80*  level  3  3080  ml  x  80* 

'  3  2h6h  units 

Thus  approximately  2500  units  of  factor  VIII  are  required. 
Therefore,  the  initial  dosages  of  the  various  factor  VIII  con¬ 
centrates  would  be  as  follows: 

Hemofil®  (33  AHF  u/ml) 75  ml 

Flbro-AHF  (0.75  AHF  u/ml)  3  3300  ml 

AHF  -  Courtland  (8  AHF  u/ml)  3  300  ml 

Cryoprecipitate  (6  AHF  u/ml)  3  liOO  ml 

Hemofil®  is  the  product  which  meets  with  .much  Draise  and 
is  raoidly  becoming  the  standard  preparation  used  because  of 
its  high  concentration  per  unit  volume.  In  vivo  studies  have 
been  made  using  this  product  in  which  dosages  of  12,  2h,  and 
50  units  factor  VIII  per  kilogram  body  weight  resulted  in 
immediate  levels  of  32,  65  and  100  percent  of  factor  VIII 
respectively.  /8/  Thus  if  one  wishes  to  avoid  these  somewhat 
cumbersome  calculations,  one  can  predict  an  80  oercent  level 
of  factor  VTII  by  giving  UO  units  per  kilogram  of  body  weight. 

The  initial  dosage  cf  factor  VIII  gi/en  for  he r.ostasls, 
however,  is  just  the  beginning  step  of  therapy.  One  must 
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carefully  monitor  the  patient's  factor  VIII  levels  and  gi/o 
additional  treatment  to  maintain  an  adequate  level  of  factor 
/III  for  hemostasis.  For  example,  if  a  postinfusion  yield 
of  QO  percent  of  factor  /III  is  achieved  in  a  nonbleoillng 
patient,  it  can  be  predicted  that  approximately  'J'J  percent 
of  this  level  will  disappear  in  eight  hours.  The  further 
disappearance  of  factor  VIII  proceeds  with  the  biologic 
half-life  of  approximately  lii  hours.  It  can  further  be 
predicted  that  in  an  additional  llj  hours  (22  hours  post¬ 
infusion)  the  patient's  factor  VIII  level  should  reach 
approx Lmately  20  peresnt.  Thus  if  one  were  attempting  to 
maintain  a  patient's  factor  VIII  level  greater  than  20  per¬ 
cent,  a  second  infusion  would  be  necessary  22  hours  after 
the  first. 

However,  several  circumstances  may  alter  this  ideal 
theoretical  situation.  In  a  patient  who  is  actively  bleed¬ 
ing,  factor  VIII  will  be  consumed  at  a  more  rapid  rate 
proportional  to  the  amount  of  bleeding.  Thus,  in  the 
actively  bleeding  patient,  frequent  levels  of  factor  VIII 
must  be  monitored  and  performed  every  U  to  6  hours  depending 
on  the  individual.  /9/ 

The  imoortance  of  closely  monitoring  the  patient 's 
factor  VIII  level  is  stressed.  Patients  given  calculated 
dosages  of  factor  VIII  to  high  levels  may  have  persistent 
bleeding  and  the  laboratory  reports  low  factor  VIII  levels. 
This  is  caused  by  a  factor  VIII  inhibitor  which  markedly 
accelerates  the  disappearance  of  factor  VIII  from  the  plasma. 
Factor  VIII  inhibitors  are  more  common  in  patients  with 
severe  factor  VIII  deficiency  and  usually  become  manifest 
after  exposure  to  multiple  transfusions.  This  finding  is  not 
rare  —  in  a  larger  series  16  of  77  patients  (20.8  percent) 
had  levels  of  factor  VIII  inhibitor  appearing  h-S  days  after 
infusion  of  factor  VIII  and  peaking  at  1 0—1 U  days.  710/ 


SPECIAL  PROBLEMS  IN  TREATMENT  OF  HEMOPHILIA 
Surgical  Management 

Before  taking  the  patient  to  surgery  the  patient  should 
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be  given  enough  factor  VIII  to  raise  the  level  to  75  to 
100  percent.  Adequate  he  nostasis  can  be  maintained  as  long 
as  the  factor  VIII  level  is  kept  above  the  20  nercont  level. 
Frequent  determinations  o  ’  factor  VIII  levels  arc  important 
and  maintenance  therapy  to  keen  the  factor  VIII  levo' 
gr°at-,r  than  20  percent  is  imperative  in  the  immediate  post¬ 
operative  period.  Maintanance  therapy  then  ,m«y  be  given 
e rory  12  hours  after  checking  factor  VIII  levels  over  the 
next  several  postoperative  days.  Patient  should  be  con- 


rn:  • 


for  10-U;  days  depending  on  the  severity  of  the 


surgery.  One  must  be  alert  for  the  presence  of  an  AHF 
inhibitor  after  the  first  several  days  of  therapy  as  men¬ 
tioned  previously.  Using  the  products  available  even 
neurosurgical  procedures  /1 1 /  and  major  orthopedic 
surgery  such  as  hip  arthroplasty  /1 2/  can  be  accomplished 
without  excessive  bleeding. 


M  anagement  of  Hematomas  and  Hemarthrcses 

For  simple  hematomas  of  soft  tissues  an  initial  dose 
to  raise  AHF  to  greater  than  50  percent  should  be  given  and 
r.  local  ice  pack  apolied.  If  the  hematoma  is  extensive 
and  enlarging  —  maintenance  therapy  every  12  ho^rs  for 
three  days  should  tie  given.*  For  hemarthrosis  the  patient 
should  receive  initial  treatment  plus  maintenance  for  three 
days  as  above  with  an  ice  pack  and  bed  rest.  Many  authors 
believe  that  aspiration  of  the  hemartnrosis  should  be  done 
ir  addition  to  prevent  serious  arthropathy.  /I }/  Intra- 
ar^icular  injections  of  steroid  have  also  been  tried  to 
reduce  the  incidence  of  arthropathy  following  hemarthrosis. 
vfnen  joint  deformity  is  caused  by  formation  of  hemenhilia 
ps^udotunors  (destructive  lesions  due  to  subperiosteal 
hemorrhage)  local  radiotherapy  may  be  used  to  help  improve 
joint  functio-.  / 15/ 


Dental  Procedures 

A  similar  regimen  to  that  of  the  surgical  procedure 
should  be  followed  when  an  extraction  is  necessary  with 
extra  attempts  made  for  complete  hemostasis.  Maintenance 
treatment  every  12  hours  for  ID  days  is  indicated. 


/I 


•Personal  communication,  R.F.  Schoen,MD,  Lctterman  General  Hospital,  1971 
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FUTURE  CONCEPTS 


Ctrrently  experimental  prophylaxis  of  severe  hemophilia 
A  has  been  attempted  with  He.mcfil®  (glycine  precioitated 
AH?).  /1 6,1 7 /  Ft rhaps  with  further  sophistics’- ion  of  AHF 

concentrates,  the  hemophiliac  may  be  able  to  control  effec¬ 
tively  his  disease  similar  to  the  diabetic. 

Reports  of  splenic  transplantation  in  animals  with 
resultant  !,cure"  of  hemophilia  is  another  avenue  being 
explored  with  much  controversy.  /1 8/  Perhaps  this  may  repre¬ 
sent  another  .means  of  control  of  this  dreaded  disease. 
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VON  WILLEBRAND*S  DISEASE 


LTC  Laurence  J.  Logan,  MC 
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name  'Von  Willabrnnd’s  fllsnr.se"  ser/ed 
'w&otebaaVet '  diagnosis  Tor  ill -defined  bleeding  dlr- 
orinrs.  Recently,  vise  of*  this  eponyw  has  Keen  harrowed  to 
:s  much  •lore  ore  cicely  delineated  hemostatic  disorder. 

Hi  tori  cal  reviews  f\  ,2(  derronhtr&te,  the  previous  diversity 
v  on  Ini  or.  s  as  to  whet  constituted  "vnhWillebrand's  disease". 
The  nany  synonyms  used  in  the  earlier  literature'—  e.g. 


cring  concepts  of  etlclogy  and  t->  th>> 
ended  this  disorder,  von  Will  eh  rand's 
tood'  to  be  a  vertically  trans  ni  tte*d 
which  there  I3  a  double  hemes la  tic 
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fin  following  discussion  will  include'  the  clinic*  1 
foaturf'M  of  the  diru.3?;  a  brief  review  of  normal  primary 
’•■••■•r'.-i.-iilc- pl'ij  formation  with  wttehti on  to  the  defect 
man!  f  '*.•  *,  in  patients  with  von  Wl  lie brand’s  discat  «j  labors - 
:■  or.,  toc.tJ  whi  ch  aid  in  diagnosis;  end  problems  encountered 
in  differential  dis;jnosis. 


CLINICAL  FEATURES 

A1 though  laboratory  tests  disclose  defeett  in  two 
different  phases  of  the  hemostatic  process,  i.c.  i”-aircl 
hcmut-tic  •  •  for  notion  and  depression  or  a  coowil 
*':.etor  (factor  7TII),  the  Meedir.g  problems  suffered  by 
potior. ts' with  von  Willebrand's  disease  are  most  often 


•The  plasma  factor  necessary  for  primary  hemostatic  plug  formation  which  ia  deficient  In  patients 
with  von  WUlcbrand’s  disease  has  been  called  the  "anti-bleedir*  factor”,  “platelet  adhesiveness 
plasma  factor  (PAPF)".  etc.  The  term  “utUon  WiHebnmJ’s  factor"  wOi  be  used  herein  to  svold 
confusion  with  factor  VllI.  >  .  - :  ’v  ■  >4  , 
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attributable  to  the  former.  Thus.’  a  typical  history  from 
a  patient  with  von  Willebrand's  disease  may  inciuci..  frequent 
or  severe  epistaxis  (often  tending  tc  .(hate  in  adulthood), 
prolonged  and  excessive  bleeding  from  minor  cuts,  increased 
brui sabi lity  (but  usually  without  th°  huge  ecchymosos  seen 
in  disorders  of  coagulation  --  e.g  hemophilia),  excessive 
bleeding  of  the  "immediate"  type  after  dental  extractions  and 
minor  surgiea'  procedures,  and  in  females,  men^rrhagi'- .  Hie 
severity  of  symptoms  varies  considerably  from  patient  to 
patient  and  among  afflicted  members  of  a  kindred.  Some 
patients  experience  moderately  severe  bleeding  problems 
whereas  other  patients,  if  'hey  recognize  an  increased 
bleeding  tendency  ao  all,  regard  it  as  merely  a  nuisance. 

Depression  of  factor  VIII  levels,  a  major  laboratory 
feature  of  the  disease  is  usually  of  slight  to  moderate  degree. 
If  factor  VIII  levels  are  below  however,  retarded  coagu¬ 
lation  ma,v  contribute  to  the  impairment  of  hemostasis.  /J/ 
Although  distinctly  uncommon  one  must  be  aware  that  factor  VIII 
levels  may  he  severely  depressed  in  von  l  J.lebrand's  disease 
and  result  in  the  same  bleeding  problems  which  afflict  the 
hemophiliac,  including  nemarbhroses.  /8/ 


F’-MARY  HEMOSTATIC  PLUG  FORMATION 


Injured  tissue  exposed  to  blood  clotting  components 
initiates  the  'first  line  of  defense'  in  hemostasis:  formation 
of  the  primary  hemostatic  plug.  Ihe  integral  role  of  the 
platelet  in  this  earliest  stage  of  hemostasis  is  discussed 
elsewhere  in  this  issue  in  detail  (viz .pp  191-199  ).  The  major 
steps  leading  to  formation  of  the  primary  hemostatic  plug  are 
summarized  in  Figure  1. 


rh<>  hallmark  of  impaired  hemostatic  plug  formation  is 
oral  xigation  of  the  bleeding  time  (S^e  Figure  2).  For  y^arr 
many  Lr /estimators  (including  von  tfillebrand)  regarded  the 
bleeding  disoi’der  bearing  his  name  as  an  intrinsic  platelet 
abnor  tality.  /6/  The  findings  on  which  this  assumption  was 
h  sed  have  been  refuted.  /II,  12,  13^  As  will  be  discussed, 

:e  of  the  currently  available  tests  of  platelet  function 
provides  good  evidence  fer  an  intrinsic  platelet  defect,  in 
von  ’.Willebrand's  disease.  Defective  primary  hemostatic  plug 
formation  in  patients  with  von  Willc*  rand's  disease  is  evince,1 
by  the  nature  of  the  predominant  bleeding  symptoms  which  are 
of  the  "mucosal"  type,  prolongation  of  the  bleeding  time,  and 
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DAMAGED  BLOOD  VESSEL 
4 

ADHERENCE  OF  PLATELETS  TO  CONNECTIVE  TISSUE 

RELEASE  OF  ADP;  PF  AVAILABILITY 
4  3 

AGGREGATION  OF  PLATELETS 


thrombin 


CONSOLIDATION  OF  AGGREGATES 
4 

FIBRIN  NETWORK 

Pig.  1  Platelets  adhere  to  collagen  in  the  subendothelial  connective  tissue  191  end  a  complex  inter¬ 
action  resultt  In  tna  release  ol  adenosine  diphosphite  (ADP)  from  a  metabolically  inert  pool  in  the 
platelet.  /1 0/  This  ADP  induces  adherence  of  platelets  to  one  another  --  i.e.  aggregation  -  produc¬ 
ing  a  loose,  semlpermeable.  reversible  plug.  At  this  stage  the  platelet  exerts  its  role  in  intrinsic 
coagulation  by  rendering  available  the  lipid  activity  which  is  referred  to  as  "platelet  factor  3"  (PF-j). 
Upon  generation  of  minute  amounts  nf  thrombin  on  tha  platalet  surface  tha  platelets  change  shape, 
the  aggregates  coalesce,  and  the  plug  becomes  irrpermaable  end  irreversible.  Perimetric  fibrin  forma¬ 
tion  in  and  around  the  primary  plug  occurs  dun  to  activation  of  tha  coagulation  phase  of  hemostasis 
and  the  do*  is  complete. 


POOR  HEMOSTATIC  PLUG 

DEFICIENCY  OF  PLASMA  FACTOR(S) 
von  Wiltebrand's  Disease 
severe  factor  X  deficiency 
afibrinogenemia 

THROMBOCYTOPENIA 

QUALITATIVE  PLATELET  DYSFUNCTION 
Primary: 

Thrombasthoma 

Macrothrombic  thrombocytopathy 
Thrombopothia 

Secondary  • 

Paraproteinemia* 

1  Uremia 

J  Dtxtran 

LONG  BLEEDING  TIME 


Fig.  2.  A  prolonged  bleeding  time  reflect*  impaired  hemostatic  plug  formation  from  any  cause. 
Hemostatic  plug  formation  is  nctmal  m  most  defects  of  the  coagulation  phase  of  hemostasis  (e.g.  the 
hemophilias).  Afibrinogenemia,  vary  severe  factor  X  deficiency,  and  von  Wiltebrand's  disease  are 
conditions  m  which  hemostatic  plug  formation  is  impairod  due  to  an  absence  or  a  deficiency  of  a 
plasma  factor. 
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4 


impaired  adlieeion  of  platelets  to  nit*-*1**  It  is  appropriate 
to  utreas  that  the  refined  definition  of  what  sot  of  ahnormal 
findings  constitutes  'von  Willohraud's  disease'  has  not  pro¬ 
vided  clarification  of  the  basic  mechanism  whereby  effective 
hemostasis  is  impaired  in  this  condition.  Th*  preciuc  rolo  of 


ant 


-von  Wlllobrand  factor  in  normal  pri.nary  hemostatic 


oVi?  formation  remains  unknown. 


UVSORATORY  TESTS:  INTERPRETATION  AND  LIMITATIONS 
1 .  Tests  of  primary  hemostatic  plug  formation 


n .  The  primary  bleeding  timet  Failure  to  demonstrate 
t.-rel  unpaticn  cf  the  bleeding  time  after  several  determinations 
rikrc  difficult  (without  necessarily  ruling  cut)  a  diagnosis 
of  ven  V/illobr and's  disease.  /?/  I  favor  the  standardized 
Ivy  bleeding  time  by  the  template  mothod  in  which  an 

incision  of  9mm  length  and  lam  depth  i3  made  on  fchu  forearm 
with  a  blood  pressure  cuff  inflated  to  ItOmm  Hg.  This  superb 
r.difi cation  ’of  the  Ivy  bleeding  time  insures  reproducibility 
fr.:m  determination  to  determination  and  minimises  differences 
•”>b ti*> r.cd  by  different  te3tcr3.  The  D:ke  time  has  bcon  shown 
to  lack  the  sensitivity  of  the  Ivy  method  in  detecting 
v^o  lehrar.d's  disease.  f\$f  None thel ecu,  certain  dic- 
’  i  iy  li ; vi  h ematologlctc  adhere  to  use  of  the  TKiC  iJth 
‘  y  ?  doing  have  not  M.ssed  cases  of  h.e.mnyhnhl <-  ''lug 
•  •••!".,■  n;.'Stir!3.  /1 6/  This  feet  nay  well  re  Hoc*,  the  ert^nr  Lve, 
•n- r-c.u-'l  'vio'-rlence  or  curb  individuals  with  the  Dike  bleeding 
ti  in.  Xn  the  hands  of  the  averege  person  who  oar  forms  bleed- 
tines,  however,  the  template  Xvy  method  In  almost  certain 
te  bo  mere  sensitive  nmi  accurate. 


ft  «  of  r.n-etylsalicyll c  acid  to  'uncover'  occult 
willehrand's  disease  has  been  advocated.  /?7/  Aspirin  h  .3 
v.r.  ,,  ;  '.nvn  to  Interfere  with  the  release  of  platelet  ADP  /I  3/ 
thereby  tending  to  lengthen  the  bleeding  time.  The  mean 
blooding  time  of  a  normal  population  by  the  abaudardlr.od  Ivy 
.".of. l?  Increased  from  five  to  nine  and  one-half  minutes 
two  hours  after  Ingestior.  of  1  Gm  of  asolrin.  /1h/  In  von 
Wl 5 lob rand's  disense  where  an  aspirin  induced  defect  In  ADP 
reirico  may  result  in  a  "double  defect"  in  primary  hemcatasis  o~ 
j-i  roi-f.in  platelet  disorders  in  which  ADP  release  is  already 
l -mi rod,  the  bleeding  tiwe  may  be  more  patently  abnormal 
:p.f>r  r  dmini  strati  on  of  aspirin. 
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b.  Platelet  counts,  platelet  morphology  on  th"  nlood 
r’.v''ir,  and  clot  ”0 traction  are  normal  in  von  Wiilobraud'  - 
disease.  Normalcy  of  these  findings  helps  to  exclude  otner 
causes  of  poor  hemostatic  plug  formation  —  e.c,  thrombocyco- 
penia,  certain  intrinsic  olatelet  disorders  in  which  altera¬ 
tion  of  platelet  morphology  may  be  present  f  \ TO/,  and 
thrombasthenia-  of 'Qlanzmann  in  which  clot  retraction  is 
impaired,  /21 / 

c.  Platelets  from  patients  with  von  Wlllebrand's  disease 
adhere  normally  to  connective  tissue  (collagen  fibers)  f22f  •>  1 
release  A  DP  in  normal  amounts.  /23 / 

d.  In  vi tro  studies  of  platelet  aggregation  in  response 
to  exogenous  ADP,  to  dilute  connective  tissue  suspension 
(collagen),  to  coincohrlne,  and  to  weak  thrombin  are 
characteristically  normal  in  von  Wlllebrand's  disease,  one 
study  suggested  that  the  addition  of  dilute  ADP  to  olatelet 
rich  plasma  from  patients  with  von  Wlllebrand's  disease 
produced  normal  initial  aggregation  followed  by  rapid  disag¬ 
gregation.  /2ii ^  Others  have  not  found  specific  aggregation 
abnormalities  in  von  Wlllebrand's  disease.  /?3,  25/  (We  have 
occasionally  seen  rapid  disaggregation  of  platelets  in  samples 
from  normal  individuals  when  dilute  ADP  was  used,  esoecially 
when  the  platelet  rich  plasma  platelet  count  was  1  >wer  than 
usual.  /26/) 

Various  abnormal  patterns  of  platelet  aggregation  when 
properly  interpreted  niay  indicate  the  presence  of  a  platelet 
disorder. 


e.  ''Availability"  of  platelet  factor  3  u~on  exnosuro 
of  platelet  rich  plasma  to  kaolin  /27 ,?.}/  is  normal  in 

von  Wlllebrand's  disease.  f2"}/  This  test  nay  yield  abnormal 
results  in  various  platelet  defects,  primary  or  acquired. 

f.  The  modified  Salzman  glass  adhesiveness  test;  Dis¬ 
orders  of  primary  hemostatic  nlug  formation  tend  to  be  arson  iat«>d 
with  relatively  poor  adherance  of  platelets  to  glass  surfaces. 
Presumably,  this  lowered  adhesivity  to  glass  reflects  decr^-ised 
olatelet  "stickiness"  which  may  contribute  somehow  to  impaired 
primary  hemostasis.  At  least  five  different  methods  of  asses¬ 
sing  olatel«t-glass  interactions  have  been  develooed  f2?J  the 
most  promising  of  which  is  Salzman's  test.  /??/  Blood  is 

drawn  from  the  vein  into  a  glass  bead  column  and  platelet  counts 
before  and  aftar  passage  through  the  column  are  comoared. 
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dor n.i  1  V/ ,  2^-60*!  of  olntol.ets  ndhere  to  r*lnsir  beads. 

Pr-j-n  it,.**  inception  nun© roup  tcehnlc.il  ;iroMf»ira -Attended  the 
us"  f  the  S.vUman  test  and  repdTts  Tttorapbinr  to  SVnluiifce  i  tr 
t.r  m  aid  in  the  detection*  of  von  Wniehrand’a  dinoarip 
were  conflicting.  It  was  noted,  for  exannle*  !thnfc' results, wore 
r. reproducible  with  different  batches  df 'slosh  beads  /3*V, 
that  the  rate  of  flow  through  the  column  was  critical  ft.}/  <r*tc. 
With  e^ruoulous  attention  to  technique  mony  of  the  initial, 
prob^na  have  been  surmounted  and  it  doC3  now  appear  that  a 
nod*  n cation  of  this  test  is  useful  in'  neoarattnij  patients 
with  von  Willobrand’s  disease  from  norrr.l  individuals.  In  <•> 
r — r^nontative  series  oerrent  of  noraal  subjects  had  low 

:iJh»Vii  /onesti  w.horees  79  percent  of  patients  -with  von  Wille- 
i  ivni'c  disease  had  abnormally  low .reaults."775T/  De.enltc  this 
v/^ri  ,  tno  test  la  a  useful  adjunct  dlnenosini;  ybn  Wll.le- 
br»r. if,  sense,  when  used  in  conjunction  with  other  nndlnpr 
(o.p.  family  historj*  suqreotir.g  autosomal  dortinntit  transmit;- 
a i  an  of  the  nlnedlrr  disorder,  prolongation  of  the  bleeding 
t(ac,  lowered  fnct~r  VIII  levels,  etc.)'.  Unfortunately, 
the  rroerionoe  of  several  investigators  has  boeri  that  when  the 
bleeding  timer  and/or  factor  VIII  levels  are-  borderline,  gloss 
;.divjciv">nesr  tends  also  to  be  borderline.  /?,  ?$/  r  Since  the, 
tost  nay  yield  different  results  at  different  times  /2?/  it 
sho!_iii  be  done  more  than  once  when  possible; 

In  patients  with  von  Willebrand's  disease  impaired  platolot- 
p]  >:rr  interaction  Is  the  only  other  laboratory  abnormality  besides 
nrolongstion  of  the  bleeding  time  which  reflects  a  disorder  of 
orl-nry  nlu<j  formation.  Of  particular  interest  i3  the  fact  that 
in  thi"  dlsooro  the  ahnormal  adhesion  of  Platelets  to  cliss  enn 
h<%  eorrcctsd  oy  In  vivo  administration  of  plasm  /'2  >/  or  in  vitro 
by  dryvlnp  the  natlentTs  blood  into  normal  plasma  bbforrt 
;vtr through  the  class  bead  column.  /3{1,  32/  •This’  finding 
rovi  d’--r  one  of  many  piec^r  of  evidence  thct  imonirpO  orlo.iry 
hemo-itasi  o  In  von  Willebrond'c  disearc  is  du®  to  deficiency 
of  a  olormp  factor  --  the  anti -von  Willebrand  f.ctor..  However, 
the  re  lev- nee  of  faulty  class-platelet  interaction  to  ontho- 
ohysiologic  mechanisms  whereby  formation  of  - thp  hemostatic <  r>luy 
is  impaired  in  von  Willebrand*3  disease  is  not  yet  understood. 


2.  The  coagulation  ajrttcm  (teats  of  factor  VIII  activity) 

s.  The  activated  partial  thromboplastin  time  732/ 
reflects  the  combined  activity  of  all  the  coagulation  factors 
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which  participate  in  the  so-called  "intrinsic*  system  of 
coagulation.  Thus  depression  of  factor  VIII  may  caus^  pro¬ 
longation  of  the  PTT.  Appropriate  "correctl  on"  studies  (e.g. 
normal izabion  of  the  prolonged  PTT  upon  addition  of  barium 
sulf n to  adsorbed  Plasma  versus  aged  serum)  would  supnort  (hut 
not  confirm)  that  e  depressed  factor  VIII  level  accounted  for 
a  prolonged  PTT.  Unfortunately,  such  "correction"  studies 
are  least  accurate  in  those  cases  in  which  factor  VIII  levels 
are  only  slightly  to  moderately  reduced. 

b.  Assay  of  factor  VIII  activity  by  a  one-sta^e  /3I4/  or 
a  two-stage  /3£/  method  is  essential  in  any  susoected  case  of 
von  Willebrand's  disease.  Results  in  von  Willebrand's  disease 
are  not  uncommonly  borderline.  It  is  important  to  remember 
that  in  this  disease,  factor  VIII  levels  increase  in  response 
to  the  same  stimuli  which  increase  factor  VIII  levels  in 
normal  individuals  -e.g.  stress,  late  pregnancy,  etc.  Often 
the  initial  sample  is  collected  during  a  stressful  period 

and  yields  a  normal  value  in  an  individual  who,  if  tested 
under  "baseline"  conditions  would  show  a  lowered  value. 

c.  Response  of  factor  VIII  levels  to  transfusion  with 
various  preparations:  A  fascinating  observation,  first 
reported  by  Nilsson  et  al,  /II/  is  that  transfusion  of 
normal  plasma,  serum  or  Cohn  fraction  I  to  patients  with 
von  Willebrand's  disease  alters  factor  VIII  in  a  very  differ¬ 
ent  manner  from  that  seen  in  patients  with  hemoohi ] in  A. 
Shortly  after  infusion  of  one  of  these  preoarations  individ¬ 
uals  with  von  Willebrand’s  disease  demonstrate  an  increase 

in  factor  VIII  level  to  values  greater  than  can  be  accounted 
for  by  the  amount  of  administered  factor  VIII.  Furthermore, 
the  factor  VIII  level  rather  than  dropping  progressively  in 
accordance  with  its  known  half-life  of  about  10  hours, 
continues  to  rise  over  the  following  214-^8  hours.  Even  more 
dramatically,  plasma  from  patients  with  hemophilia  A  (i.e. 
factor  VIII  deficient  plasma)  when  administered  to  a  patient 
with  von  Willebrand's  disease  produces  this  sum"  pattern  in 
factor  VIII  levels.  /3&/ 

By  contrast,  administration  of  factor  VIII  containing 
preparations  to  patients  with  hemophilia  A  results  In 
elevation  of  thLs  factor  to  a  value  which  would  be  e -pouted 
brsed  or.  the  amount  given.  Peak  values  are  immediate  -.t,d 
0  predictable  curvilinear  cecay  follows  corresponding  to 
factor  VIII  half-life.  Therefore,  the  response  of 
lowered  factor  VIII  levels  to  transfusion  of  factor  VITI 
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containing  materials  may  distinguish  von  Will ‘brand's  dison... 
from  hemophilia  A.  /?/  Careful  attention  must  He  ji  von  to 
the  considerable  risk  of  hepatitis  which  attend.,  the  u.,e  ■’ 
these  prepax'aticns  before  employing  transfusi studio:-  for 
purely  diagnostic  purposes. 

When  spontaneous  bleeding  is  uncontrolled  by  sinpl. 
measures  or  when  a  person  with  a  hemostatic  defect  requires  a 
procedure  which  is  likely  to  cause  undue  bleeding  there  is 
therapeutic  importance  in  knowing  whether  depressed 
factor  VIII  levels  are  duo  to  hemophilia  A  or  to  von  Wille¬ 
brand  '3  disease  for  two  reasons.  Firstly,  it  is  clear  from 
the  above  that  factor  VIII  levels  in  patients  with  von 
V/illebrand's  disease  car.  be  raised  and  sustained  fairly 
easily  with  a  transfusion  requirement  considerably  less  than 
is  needed  in  patients  with  hemophilia  A.  Secondly,  the 
anti-von  Willebrand  factor  which  normalizes  the  prolonged 
bleeding  time  and  impaired  platelet  adhesiveness  to  glass 
is  present  in  sonje  but  not  all  preparations  which  contain 
factor  VIII.  Fresh  or  fresh-frozen  plasma  and  the  Uldmback 
I-?  fruition  contain  the  anti-von  Willebrand  factor.  /36/ 
Fibrinogen  concentrates,  07/  stored  plasma,  and  Cohn 
fraction  I  concentrates  do  not.  03/  Currently  available 
•:c/nmercial  factor  VIII  concentrates  do  not  appear  to  contain 
the  anti-von  Willebrand  factor.  Fortunately,  however, 
cryopr«cipitate  prepared  us  described  by  Pool  /) ) /  is  rich 
not  only  in  factor  VIII  but  in  the  anti-von  Willebrand 
factor.  /hO/  Evidence  indicates  that  the  anti-bleeding 
factor  is  highly  labile  and  may  be  lost  if  the  c  ncentrate 
is  exposed  to  glass  surfaces,  /ill/  Accordingly,  when  cryo- 
precipitate  is  prepared  primarily  for  its  anti-von  Willebrand 
factor  content,  rapid  processing  of  single  units  at  a  time 
at  cold  temperatures  in  an  all-plastic  system  is  desirable. 

d.  Immunologic  techniques  of  diagnosis:  Recently, 

Feins  loin  et  al  /1*2,  U3/  and  two  other  groups  /hh,  '&/  inde- 
mer.dently  demonstrated  that  by  employing  naturally  occurring 
factor  nil  antibody  ?0-)$  percent  of  outients  with  hemophilia  A 
had  no  detectable  factor  VUI  antigenic  material  in  their 
plasma,  whereas  in  5-10  percent  of  oatiento  with  hemophilia  A 
there  was  immunologic  evidence  of  a  factor  VIII  molecule, 

-l though  it  was  ineffective  in  the  coagulation  system.  /.li2/ 

Even  more  recently,  Ratnoff's  group  /!j6/  using  heterologous 
factor  ’/III  antibody  demonstrated  materia]  antigenically  resem¬ 
bling  factor  VIII  in  each  cf  10  patients  with  hemophilia  A  in 
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quantities  comparable  bo  that  found  in  normal  individuals. 

Of  great  interest  was  the  discovery  that  in  seven  cases  cf 
von  Willebrand's  disease  the  quantity  or  innunologically 
detectable  factor  VIII  was  directly  equivalent  to  the  degree 
of  deficiency  seen  in  the  usual  coagulation  assay  systems 
which  measure  factor  VIII  activity.  This  highly  important 
observation  may  provide  an  effective  in  vi tru  method  of 
establishing  whether  depressed  factor  VIII  levels  in  a 
given  patient  are  due  to  hemophilia  A  or  to  von  Willebrand's 
disease. 


DIFFICULT  PROBLEMS  IN  DIFFERENTIAL  DIAGNOSIS 

I 

!  The  classic  case  of  von  Willebrand's  disease  is  not 

|  difficult  to  diagnose.  Unfortunately,  not  all  patients  with 

this  disease  present  with  a  clear-cut  family  history 
indicative  of  autosomal  dominance,  a  distinctly  prolonged 
bleeding  time,  unequivocal  impairment  of  olatelet  adhesion 
to  glass  and  abnormally  low  factor  VIII.  The  foregoing 
discussion  suggests  the  two  major  challenges  in  differential 
diagnosis  which  the  physician  may  face  in  attempting  to 
establish  that  a  patient  has  von  Willebrand's  disease:  1.  To 
eliminate  insofar  as  possible  a  olatelet  disorder  as  the  Cease 
for  poor  primary  hemostatic  plug  formation.  2.  To  establish 
th_t  low  factor  VIII  levels  are  not  due  to  hemophilia  (or  the 
carrier  state). 

Platelet  Disorders:  Rv^ry  attempt  must  be  .made  to  eliminate  an 
Lntrirs'c  olatolet  defect  as  the  cause  of  *:  long  bleedin'- 
tims  i.n  each  suspected  C3se  of  von  Willebrand's  disease  be¬ 
cause  of  the  theiapeutic  implications.  Platelet  concentrator, 
effective  controlling  bleeding  in  intrinsic  platelet  disorders 
are  without  benefit  in  von  Willebrand's  disease.  Cryoprecioi- 
oate,  the  treatment  of  choice  in  von  Willebrand's  disease  is  of 
•  no  value  to  the  patient  with  intrinsic  platelet  dysfunction. 

|  Tests  which  indicate  platelet  dysfunction  have  been  mentioned 

i  and  are  discussed  in  detail  elsewhere  in  this  issue, 

j  (vi Zf  pp  191-199  )  One  must  remember  that  prolongation  of  the 

bleeding  time  and  defective  platelet  adhesion  to  glass  ar« 

I  common  to  both  platelet  disorders  and  to  von  Willebrand's 

i  disease. 

von  Willebrand's  disease  or  hemophilia  A?  A  moderate  ac  made  ra  tel  y- 
sovere  bleeding  di'serdor  in  a  patient  witn  low  factor  VTII 
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lira's,  an  equivocal  or  unavailable  family  history  and 
hlco.il ng  times  which  arc  within  or  toward  the  upper  li-dta 
rr  normal  noceoGlti.t-!t>  discerning  b^twoon  v  •••  /*  ' ichr-i-td 'c 
,ji and  hemophilia  A.  Thi"  prohl '»*!  In  differential 
diicnonJs  i3  not  limited  to  moles,  since  in  accordance  with 
the  Lyor.-Petitler  hypothesis  carriers  of  hemophilia 

may  have  very  low  levels  of  factor  7111  activity  an  the 
result  of  random  inactivation  of  a  greater  number  of  the 
'nore.il  '  X  chromosomes  than  of  the  'he.nophllla-hotir  Inc'  X 
chromosomes,  ["he  Salomon  test  .may  aid  in  the  proper 
diagnosis  of  such  cases  since  adherence  of  platelets  to 
,*1  s?!  is  r.ot  Impaired  in  hemophilia,  front-fusion  studies 
vlth  ooricil  determinations  of  factor  7TIT  levels  may  bo 
r.ocessory.  Possibly  the  most  helpful  test  to  establish 
whether  a  low  factor  7HI  level  is  d«e  to  hemophilia  A  or 
von  Wiltebrand's  disease  may  prove  to  b e  the  im-mnol^gle 
moth ad  described  above.  It  is  too  "irly  to  aenens  the 
\ilt.lm*tte  role  of  thlr  technique  as  a  diagnostic  tool.  The 
differing  approach  to  therrpy  hosed  on  whether  the  patient 
has  vsn  Wil  lebrand  's  disease  or  hemophilia  A  h*>s  been 
discussed. 


^r°^Ziuom 


CONCLUDING  REMARKS 


£Opy. 


[t  is  doubtful  if  one  who  roviows  what  we  know  about 
von  Willebrand  's  disease  can  escape  the  many  intriguing  and 
unanswered  questions  which  pose  themselves.  As  a  great  Army 
ohysician  said:  '•We  must  bo  unencumbered  by  .  .  ,  pompous 
notions  that  we  physicians  hav«<  the  right  to  define  disease. 

If  (the  physician)  concludes  that  disease  "X"  cannot  be 
present  because  a  certain  sign  or  lab  test  is  not  present,  he 
limits  his  agility.  He  certainly  wen' t  discover  something 
new!"  /U?/  We  are  now  able  to  define  what  clinical  and 
laboratory  features  entitle  U3  to  use  the  diagnostic  term 
"von  Willebrand Is  disease"  but  we  have  not  thereby  clarified 
the  disease.  Recent  progress  in  the  understanding  of  platelet 
cii sorters  has  given  us  some  insight  into  what  von  Wlllebrand's 
disease  is  not.  Our  definition  allows  better  "sorting"  of 
patients,  permits  selection  of  .more  appropriate  therapy  etc. 
but  we  are  left  with  many  questions  (e.g.  At  whet  stage  of 
primary  hemostasis  and  how  does  a  deficiency  of  enti-von 
Willebrand  factor  exert  its  deleterious  effect(s)?  Trans¬ 
fusion  studies  clearly  demonstrate  that  unlike  the  patient 
with  hemophilia  A,  patients  with  von  Wlllebrand's  disease 
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have  the  capacity  to  aynthesir.c  factor  VII T.  Does  the 
antl-von  Willebrand  factor  provide  this  rtimwlue?  Or  dv»p 
yet  another  factor,  diatlnct  f~on  th>  rctl-von  V.llleb-and 

provide  tnst  Ptlmulua?  Is  more  than  one  /n*ne  (perhaps 
closely  linked)  defective  in  "classic11  von  Wlllobrand'r 
Jinan  so  and  If  so,  does  the  inheritance  or‘  bet  one  of  the  ' 
,yir\>?r.  account  for  what  we  glibly  refer  to  «3  "variable 
exorossivity*  among  nembers  of  a  kindred?  Where  Is  the  site 
of  production  of  anti -von  Willchrand  factor?  etc.  etc.) 

Finally,  there  regain  u  significant  number  of ,  pa  Hen  ts  with 
a  mild  to  moderate  bleeding  disorder  and  prolonged  ^bleeding 
timer  whose  family  histories  do  not  support  von  Wlllobrand’s 
disease  or  whose  factor  /Til  levels  ore  consistently  normal 
(>r  high  hut  in  whom  no  evid  ence  for  a  platelet  disorder  enn 
he  detected  by  presently  available  tests.  Whether  such 
natlcnts  are  pert  of  a  ’’spectrum"  of  von  Will ohrand's  disease 
'/<()/,  ar»  victims  of  intrinsic  platelet  dysfunction  t^o  subtle 
■\>r  detection  by  our  tests,  or  represent  examples  of  a  disorder 
(nr  disorders)  unrelated  either  to  von  WLllebrand’n  disease  or 
intrinsic  platelet  dysfunction  remains  to  hr?  seen.  . 
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RED  CELL  G-d-PD  DEFICIENCY 
Its  Clinical  Spectrum 

LTC  Neil  W.  Culp,  MC 

Genetically  determined  deficiency  in  the  red  cell  enzyme 
glucose-6-phosphate  dehydrogenase  (G-6-PD)  represents  one  of 
the  most  common,  clinically  significant,  inherited  abnormalities 
of  man.  In  excess  of  100  million  individuals  on  a  world-wide 
basis  are  affected,  /if  The  clinical  significance  of  this 
hereditary  biochemical  lesion  was  clearly  established  when  it 
was  demonstrated  to  be  the  underlying  defect  in  subjects  with 
"primaquine  sensitive  hemolytic  anemia."  Today,  however,  the 
import  of  this  most  prevalent  of  the  known  enzymatic  defects 
nf  the  red  cell  is  not  limited  to  those  relatively  few  physicians 
who  dispense  antimalarial  drugs,  but  it  has  considerable  signifi¬ 
cance  to  every  physician  charged  with  treating  patients.  Not 
only  is  there  a  growing  list  of  commonly  employed  drugs  which 
possess  the  potential  of  precipitating  hemolysis  in  G-6-PD 
deficient  subjects,  but  recognized  with  increasing  frequency  are 
episodes  of  hemolysis  which  are  precipitated  by  infectious  and 
metabolic  diseases  when  affected  subjects  acquire  them.  In 
addition,  some  individuals  with  G-6-PD  deficiency  manifest 
chronic  hemolytic  anemia  in  th*  absence  of  drug  exposure  or  com¬ 
plicating  illness  and  such  subjects  are  a  significant  percentage 
of  those  patients  diagnosed  as  having  congenital  nonspherocytic 
hemolytic  disease  (CNHD). 

It  is  the  purpose  of  this  paper  to  review  the  spectrum  of 
clinical  manifestations  now  recognized  to  occur  among  those 
subjects  with  genetically  determined  abnormalities  in  erythrocyte 
G-6-PD. 

Historical  and  Genetic  Features 

Although  favism  (now  known  to  be  conditioned  by  a  leficiency 
of  red  cell  G-6-PD)  was  recognized  more  than  2, COO  years  ago,  it 
was  not  until  the  introduction  of  the  first  ar.timalariai  8-amino- 
quinoline  compound,  pamaquine  (1926)  that  a  clear  relationship 
between  drug  exposure  and  hemolytic  anemia  in  selected  recipients 
was  appreciated. /2/  It  was  almost  30  years  later,  when  a  group 
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of  Negro  volunteer  subjects  were  given  the  newer  drug 
primaquine  that  sensitivity  to  the  drug  was  demonstrated  to 
be  an  intrinsic  property  of  the  reu  cell./3/  A  series  of 
subsequent  investigations  culminated  in  195&  with  the  recogni¬ 
tion  that  the  abnormality  in  red  cell  metabolism  responsible 
for  primaquine  sensitivity  was  a  deficiency  of  the  enzyme 
G-6-PD./1'/  For  the  first  time  the  adverse  effect  of  a  drug 
was  defined  at  the  molecular  level. 

It  soon  became  apparent  that  G-6-PD  deficiency  was  not 
a  single  defect,  but  rather  a  heterogenous  group  of  disorders 
due  to  numerous  mutations  affecting  the  G-6-PD  molecule, 
ftiis  is  analogous  to  the  multiple  mutations  affecting  the 
structure  of  the  hemoglobin  molecule  which  result  in  the 
group  of  conditions  known  as  hemoglobinopathies.  To  date 
more  than  50  distinct  genetic  variants  of  the  G-6-PD  molecule 
have  been  recognized. /5 ,6, 7, 3,9/  Ibis  number  undoubtedly 
represents  only  a  fraction  of  the  variants  yet  to  be  identified. 
Each  varia.it  appears  to  be  explained  by  a  single  amino  acid 
substitu'  i.n  in  the  structure  of  the  G-6-PD  molecule,  uhich  is 
also  tr  -1  the  hemoglobinopathies. /10/  Some  of  these  variants 
sire  fu>.-  1  onaliy  adequate  while  the  structured  alteration  of 
other  veu-_ants  results  in  a  severe  impairment  of  enzyme  activity. 

Hie  multiple  biochemical  variants  of  the  G-6-PD  molecule 
are  inherited  as  sex-linked  traits;  that  is,  the  gene  is 
carried  on  the  X  chromosome.  Male  hemizygotes  and  female  nonro- 
zygotes  manifest  full  expression  of  the  defect  while  female 
heterozygotes  are  variable  in  the  degree  of  enzyme  deficiency 
expressed.  Affected  females  possess  a  mosaic  of  erythrocytes, 
some  with  normal  enzyme  activity  and  some  with  deficient 
enzyme  activity.  The  ratio  of  red  cells  with  nonr.ai  activity 
to  those  with  deficient  enzyme  activity  is  variable  and  thus 
the  degree  of  susceptibility  to  hemolysis  expressed  in  any 
given  individual  is  unpredictable.  Ibis  has  been  explained  on 
the  basis  of  the  X  inactivation  hypothesis  which  proposes  that 
during  the  early  embryogenesis  one  of  the  two  X  chromosomes  in 
each  cell  of  the  female  becomes  inactive  and  remains  inactive 
throughout  all  subsequent  cell  divisions  during  the  life  of  the 
individual. /ll/  Stem  cells  destined  to  develop  into  mature 
circulating  red  cells  may  in  the  heterozygote  possess  either 
the  functional  X  chromosome  with  its  gene  for  normal  G-6-PD 
activity  or  the  X  chromosome  with  the  mutant  gene  for  G-6-PD 
deficiency. 
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The  distribution  of  G-6-PD  deficiency  is  world-wide. 
Extensive  population  surveys  have  to  date,  however,  been  performed 
only  in  selected  groups.  Table  I  /l2/  lists  the  approximate 
frequency  of  the  genetic  defect  in  some  of  the  ethnic  groups 
studied. 


TABLr.  i 

INCIDENCE  OF  G-6-PD  DEFICIENCY  IN  VARIOUS  RACES* 


RACES 


INCIDENCE 

t ay 


CAUCASIANS 

Northern  Europeans 

0.1 

Sardinians 

3-30 

Greeks 

2-5 

Italians  (northern) 

2-5 

NEGROES 

American  (USA) 

10 

Nigerian 

10 

Congolese 

15-20 

Tanganyikans 

15-30 

Bantu 

2 

JEWS 

European 

0.2 

Iraqi 

25 

Turkish 

5 

Kurdish 

60 

ASIAN 

Chinese 

2 

Japanese 

0 

Filipinos 

12 

•Adapted  from  Prankerd. 


CUn  Pharmacol  Ther  21:73-103.1969 


THE  ROLE  OF  G-6-PD  IN  RED  CELL  METABOLISM 

The  human  erythrocyte  is  designed  to  circulate  in  the 


peripheral  blood  for  approximately  120  days.  The  mature  red  cell 
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is  metabolically  and  nutritionally  restricted  because  it  has 
lost  much  of  the  metabolic  machinery  characteristic  oi  nucleated 
cells.  After  the  reticulocyte  stage,  protein  synthesis  does  not 
occur.  Then  the  mature  red  cell  is  dependent  upon  a  limited 
supply  of  crucial  enzymatic  proteins  which  must  serve  it  unre- 
plenished  to  the  point  of  cell  destruction.  Certain  of  these 
enzymes  are  absolutely  essential  to  the  maintenance  of  cellular 
integrity  and  are  critical  for  the  protection  of  hemoglobin 
from  chemical  denaruration .  With  progressive  erythrocyte  aging, 
there  is  a  gradual  attrition  of  some  enzymatic  proteins  so  that 
a  point  in  time  is  reached  (normally  about  120  days)  when  the 
metabolic  machinery  dependent  upon  these  enzymes  is  unable  to 
supply  the  energy  requirements  necessary  for  the  cell  to  survive. 

It  is  removed  then  from  the  circulation.  If  the  red  cell  is 
releared  into  the  circulation  with  an  inadequate  supply  of  one 
of  these  crucial  enzymes  or  if  the  biological  half-life  or 
kinetic  properties  of  the  enzyme  are  abnormal,  the  life  r 
the  red  cell  is  reduced  and,  by  definition,  hemolysis  ex 

The  Embden-Myerhof  anaerobic  pathway  of  glycolysis  (Figure  1) 
which  converts  glucose  to  lactate,  normally  accounts  for  90  percent 
of  the  energy  production  in  the  mature  red  cell.  The  high  energy 
phosphate  compounds  resulting  from  this  pathway  are  necessary  for 
maintenance  of  the  hi$i  intracellular  osmotic  pressure  characteris¬ 
tic  of  the  intact  red  cell.  / 13/  Until  recently,  the  hexose-mono- 
phosphate  (HMP)  shunt  (pentose  phosphate  pathway)  was  generally 
considered  to  play  a  role  of  limited  importance  in  erythrocyte  meta¬ 
bolism  because  under  usual  circumstances  only  +  10  percent  of  glucose 
is  metabolized  via  this  pathway.  It  is  now  apparent,  however, 
that  the  contribution  of  this  latter  pathway  varies  with  conditions 
of  intracellular  POp  and  pH,  and  under  conditions  of  oxidative  stress 
to  the  red  cell,  this  pathway  is  greatly  stimulated.  This  enhanced 
metabolism  of  glucose  throu$i  the  HMP  shunt  during  periods  of  oxi¬ 
dative  stress  to  the  red  cell  is  related  to  the  critical  role  played 
by  reduced  glutathione  (GSH)  in  the  protection  of  hemoglobin  and 
the  red  cell  membrane  from  oxidative  damage.  / 13/  GSH  is  generated 
solely  via  the  HMP  shunt. 

G-6-PD  occupies  the  critical  site  of  entry  for  glucose  into 
the  HMP  shunt.  Figure  1.  Generation  of  NADPH,  and  in  turn  GSH, 
is  dependent  upon  the  reaction  eatalized  by  G-6-PD  and  the  step 
which  follows.  Availability  of  NAIP  appears  to  be  the  factor 
limiting  the  rate  of  glucose  utilization  by  this  pathway  under 
usual  circumstances.  /lh/  In  the  individual  with  deficient 
G-6-PD  activity,  however,  the  limiting  factor  may  be 
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Embden-Mverhof 
Glycolytic  Pathway 
(anaerobic) 


Kexose  Monophosphate  Shunt  (oxidative) 
(Pentose  Phosphate  Pathway) 


GLUCOSE 


G-6-P 


Triosa  Phosphate 


LACTATE 


GSH 


GSSG 


6*PG 


G-6-P0 


GSH 


GSSG 


CO, 


•  Pentose-5P 


Fig.  Simplified  diagram  of  pathways  for  erythrocyte  energy  production. 
Legend:  g-6-p  ■  eiueote-6-phosphate 

G-6-PD  «  j^ucose-G-phosphate  dehydrogenase 
SAG  "  S-phosphogluconato 

NADP  "  nicotinamide  adenine  dlnuclautide  phosphate  !TPN) 

NADPH  «  rtduced  nleotlnemide  acfanlrte  dinuctautide  phosphite  ITPNH) 
GSSG  *  oxlidltsd  plutethtone 

GSH  -  reduced  glutathione 
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the  impaired  enzyme  system  during  periods  where 
metabolic  demands  exceed  its  functional  capability. 

The  fundamental  pathophysiology  in  G-6-PD  deficient  red  cells 
then  seems  t^  be  an  inability  to  meet  increased  demands  for 
NADffi  and  the  consequent  failure  to  maintain  sufficient 
concentrations  of  GSH  which  is  necessary  to  protect  the  cell 
from  oxidative  damage.  In  support  of  the  hypothesis  that  GSH 
plays  a  critical  protective  role  in  face  of  oxidative  stress 
to  the  red  cell,  are  the  observations  that  either  a  primary 
deficiency  of  GSSG  or  a  deficiency  in  the  enzyme  glutathione 
reductase  which  catalyzes  the  ''onversion  of  GSSG  to  GSH,  may 
be  associated  with  hemolysis  precipitated  by  those  agents 
responsible  for  hemolysis  in  G-6-PD  deficient  subjects. /15/ 


CLINICAL  FEATURES 

Subjects  with  genetically  determined  abnormalities  in 
the  G-6-PD  molecule  may  for  clinical  purposes  be  categorized 
into  three  general  groups:  (a)  those  with  no  clinicsl 
symptoms;  (b)  those  experiencing  symptomatic  hemolysis  on 
exposure  to  certain  oxidant  drugs  or  associated  with  infecti¬ 
ous  disease,  and  (c)  those  with  evidence  of  chronic  hemolytic 
disease  of  the  congenital  nonspherocytic  type  (CNHD). 

Some  of  the  variants  of  the  G-6-PD  molecule,  like  the 
genetic  variants  of  the  hemoglobin  molecule  (i.e.  hemoglobin¬ 
opathies,  are  primarily  of  interest  to  the  geneticist  because 
they  are  associated  with  no  apparent  clinical  abnormality. 

The  most  commonly  encountered  variant  in  the  United  States 
has  been  termed  G-6-PD(a)  and  is  found  in  approximately  22 
percent  of  the  North  American  Negro  population.  It  is  dis¬ 
tinguished  from  the  normal  enzyme,  G-6-PD(B),  by  a  more 
rapid  electrophoretic  mobility  characteristic  of  the  former. 
G-6-PD(a)  is  functionally  adequate  and  subjects  with  this 
variant  have  no  symptoms.  An  electrophoretically  similar  but 
chromatographically  distinguishable  enzyme,  G-6-PD(a-),  is 
found  in  10  to  12  percent  of  the  Negro  population  and  is 
associated  with  deficient  activity  and  clinical  symptoms  of 
hemolysis  in  settings  where  the  red  cell  is  subjected  to 
oxidative  stress,  such  as,  that  imposed  by  ingestion  of  cer¬ 
tain  drugs.  G-6-PD  (Mediterranean)  is  the  deficient  enzyme 
variant  occurring  among  Sardinians,  Greeks,  Sephardic  Jews, 
and  perhaps  other  Mediterranean  groups,  which  is  associated 
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■with  a  more  severe  form  of  drug  induced  hemolysis,  favism, 
and  occasionally  with  chronic  hemolytic  disease  in  the  absence 
of  stress,  a  number  of  distinct  abnormal  variants  of  the 
G-6-PD  molecule  have  been  demonstrated  in  subjects  with  CNRD 
due  to  G-6-PD  deficiency. /l6/ 

The  degree  of  impairment  in  enzyme  activity  characteristic 
of  each  of  the  recognized  variants  is  correlated  with  the 
absence  or  presence  of  hemolytic  manifestations .  In  general 
those  variants  in  which  red  cell  enzyme  activity  is  greater 
than  30  percent  of  normal  are  unaccompanied  by  problems  of 
hemolysis.  Below  this  range  of  activity  however  the  severity 
or  persistence  of  hemolysis  is  less  well  correlated.  Assays 
of  enzyme  activity  in  unselected  circulating  red  cells  may  be 
misleading  as  only  the  older  cells  may  be  enzyme  deficient,  and 
assays  may  fail  to  reflect  abnormalities  in  enzyme  stability  or 
kinetic  alterations  of  enzyme  function.  Better  correlation  is 
seen  when  consideration  is  given  to  these  additional  factors. /I5/ 


With  this  appreciation  of  the  genetic  hetercgenicity  among 
subjects  with  G-6-PB  deficiency,  some  clinically  important 
distinctions  between  the  two  most  common  groups  of  deficient 
individuals  encountered  in  the  United  States,  Ct~6~Pb{A-)  and 
G-6-PD  (Mediterranean) ,  deserves  emphasis. 

MANIFESTATIONS  IN  SUBJECTS  WVTH  G-£-j*DA'  {Ntsw^ysw  Difickr.cv) 

Although  minimal  shortening  of  the  red  cell  survival  has 
been  reported  in  ecae  Negro  males  with  G-6~FD(a~)  in  the  absence 
of  any  apparent  precipitating  stress,  such  individuals  are 
generally  clinically  and  hemeicloglcaXly  normal  except  during 
the  administration  of  certain  drugs  or  associated  with  systemic 
illness. /17/  The  typical,  course  of  hemolysis  in  a  deficient 
Negro  male  bemizygote  is  depicted  graphically  in  Figure  2. 

With  the  administration  of  30  mg  of  primaquine  cose  daily,  the 
^Cr  red  cell  survival  time  begins  to  shorten  a! lost  immediately. 
During  this  period  Heinz  bodies  (precipitated  denatured  hemo¬ 
globin  'within  the  red  ceil)  may  be  demonstrated  by  supravital 
staining.  Within  to  '{2  hours,  evidence  of  intravascul ,-.r 
hemolysis  becomes  apparent  with  a  falling  hematocrit  and  fre¬ 
quently  hemoglobinuria.  The  period  of  acute  hemolysis  lasts 
for  8  to  10  days  and  is  followed  by  a  period  of  hematological 
recovery  which  occurs  in  spite  of  continued  drug  exposure  at 
a  constant  dose.  The  subsequent  phase  of  apparent  resistance 
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or  equilibrium  rep resents  a  state  of  mild  but  fully  compensated 
hemolysis.  Since  an  increase  in  the  dose  of  primaquine  to  60 
su,  a  day  would  precipitate  a  second  acute  hemolytic  phase ,  the 
"resistance"  of  the  circulating  xed  cells  to  further  hemolysis  is 
relative  and  not  absolute. /l8/  Tbs  self-limited  nature  of  the 
acute  hemolytic  episode  is  explained  by  the  now  appreciated  fact 
that  susceptibility  to  a  given  dose  of  a  hemolytic  drug  is  a 
function  of  red  cell  age;  older  red  cells  being  preferentially 
destroyed ./19/  llie  age  related  susceptibility  is  due  to  the 
increased  rate  of  enzyme  denaiuration  characteristic  of  the 
Wegro  G-6-PD(A-)  variant.  The  calculated  in  vivo  half-life  of 
this  (A-)  enzyme  is  approximately  13  days  as  compared  with  the 
norma:,  enzyme  which  has  a  half-life  of  62  days./20/  The  reticu¬ 
locytes  and  the  relatively  young  erythrocytes  in  such  deficient 
Negro  subjects  possess  normal  activity  whereas  the  older  cells 
are  grossly  G~6-PD  deficient. 


DAYS 

«*ig  2  Typical  course  of  hemolysis  induced  in  hemizygous  male  Wcgiocs  by  daily  administration 
of  20  m;  pnm..quinc  Vise.  From  Bull  WHO  22  625.  5960 
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MANIFESTATIONS  IN  SUBJECTS  WITH  G-6-PD  Mcditetlai,ean  ENZYME  VARIANT 

In  contrast  to  the  self-limited  course  of  acute  hemoly.is 
and  the  relative  resistance  to  continued  drug  exposure  which 
characterizes  the  Negro  type  deficiency,  Caucasian  subjects 
with  the  Mediterranean  enzyme  variant  behave  differently. 
Although  minimal  shortening  of  the  red  cell  survival  in  the 
absence  of  any  oxidative  3tress  has  been  reported  in  individuals 
possessing  the  Mediterranean  enzyme  variant,  the  majority  of 
such  individuals,  like  deficient  Negro  subjects,  are  clinically 
and  hematologically  normal. /2l/  Red  cell  G-6-PD  activity  in 
subjects  with  the  Mediterranean  enzyme  variant  is,  however, 
generally  less  than  found  among  affected  Negroes  and  hemolytic 
episodes  are  therefore  more  severe.  Figure  3  /22/  illustrates 
the  course  of  hemolysis  in  a  male  individual  with  the  Mediter¬ 
ranean  variant  who  received  30  mg  of  primaquine  base  daily. 


Fif.  3.  In  *  month's  period,  two  severe  hemolytic  crises  were  caused  in  a  mutant  Sardinian  male 
by  two  course  of  primaquine  (30  mg  daily).  In  the  second  hemolytic  episode  a  young  population 
(10-16  days)  of  Fe-iagged  red  blood  cells  was  rapidly  destroyed.  1221  RcpixxhtcccS  with  permission 
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The  acute  hemolytic  phase  continued  until  the  drug  was  with¬ 
drawn  at  a  point  when  more  than  half  the  red  cell  mass  had 
undergone  hemolysis.  Radioactive  iron  (59pe)  was  administered 
to  label  the  newly  formed  red  cells  which  were  to  replete  the 
circulating  red  cell  mass  over  the  succeeding  14  days.  A 
second  course  of  primaquine  in  the  same  dosage  was  followed 
initially  by  several  days  of  hemolysis  sufficient  to  offset 
the  increased  rate  of  red  cell  production,  and  finally, 
sufficiently  severe  hemolysis  resulted  in  a  precipitous  fall 
in  the  hematocrit  and  again  necessitated  discontinuation  of 
the  drug.  One  important  observation  is  that  the  newly  formed 
red  cells,  labeled  with  59pe  and  therefore  less  than  l4  days 
of  age,  were  susceptible  to  the  hemolytic  effects  of  the  drug, 
which  confirmed  that  even  the  very  young  cells  were  severely 
enzyme  deficient  in  this  subject  with  the  Mediterranean 
variant.  No  phase  of  relative  resistance  to  continued  drag 
exposure  existed (which  was  characteristic  of  the  deficient 
Negro  subject) . 

T5ie  rate  of  G-6-PD  synthesis  in  red  cell  precursors  from 
deficient  Mediterranean  and  Negro  subjects  is  probably  normal, 
however,  the  biological  half-life,  or  the  rate  of  decay  in 
enzyme  activity,  is  much  more  rapid  in  the  Mediterranean 
variants  and  even  the  reticulocytes  emerge  from  the  bone 
marrow  already  deficient  in  G-6-FD  activity.  Whereas  the 
reticulocytes  from  enzyme  deficient  Negro  subjects  possess 
normal  G-6-PD  activity  and  it  is  only  after  circulating  for 
several  weeks  that  the  red  cell  enzyme  activity  prematurely 
decreases  to  a  point  where  the  cells  are  sufficiently  susceptible 
to  hemolize  when  subjected  to  oxidant  stress. /20/ 

The  examples  illustrated  in  Figure  2  and  3  represent 
generalizations  regarding  the  severity  of  expected  hemolysis 
among  subjects  with  these  two  enzyme  variants.  Considerable 
individual  variation  nay  exist.  Ihe  weekly  administration 
of  45  mg  of  primaquine  base  and  300  mg  of  chloraquine  base 
(the  combination  presently  employed  as  malaria  chemoprophylaxis 
for  US  troops  in  Republic  of  Vietnam)  generally  produces  mild 
hemolysis  which  is  completely  compensated  within  a  few  weeks 
in  the  majority  of  enzyme  deficient  Negro  males. /23/  Occasion¬ 
ally  however,  such  an  individual  without  any  additional  drug 
therapy  or  apparent  complicating  illness  will  develop  symptomatic 
hemolysis  following  initial  ingestion  of  a  single  chloraquine- 
primaquine  tablet. /24/  Weekly  chloraquine -primaquine  administra¬ 
tion  results  in  hemolysis  of  unpredictable  severity  among 
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Caucasian  males  with  the  Mediterranean  enzyme  variant  and 
generally  the  results  are  sufi ieiently  severe  so  that  this 
regimen  should  not  be  employed  in  such  subjects ./25/ 

ASIAN  GROUPS 

Asian  ethnic  groups  with  G-6-PD  deficiency  have  not  been 
as  well  studied  as  Negro  and  Caucasian  groups.  The  most  common 
variant  found  among  Chinese  is  probably  the  variant  termed 
G-b-FD (Canton),  This  variant  has  functional  enzyme  character¬ 
istics  as  well  as  clinical  expression  similar  to  that  of  the 
Mediterranean  variant.  /26/  Both  are  associated  with  an  increased 
incidence  of  severe  neonatal  jaundice,  favism,  and  drug-induced 
hemolytic  episodes. 


AGENTS  PRECIPITATING  HEMOLYSIS  IN  G-6-PD  DEFICIENT  SUBJECTS 


Antimalarial  drugs,  and  especially  primaquine,  represent 
the  best  studied  group  of  agents  known  to  precipitate  hemolysis 
in  G-6-PD  deficient  subjects.  The  increasing  number  of  drugs 
including  many  commonly  used  by  physicians  practicing  medicine  in 
temperate  climates  are  now  known  to  have  hemolytic  potential  in 
affected  subjects.  Table  II  lists  most  of  the  clinically  im¬ 
portant  drugs  by  their  common  or  trade  name  and  the  daily  dosage 
reported  to  have  been  associated  with  hemolysis  in  either  Negro 
or  Caucasian  subjects.  Most  case  reports  and  studies  are  based 
on  observations  in  deficient  American  Negro  subjects  and  in 
many  instances  it  has  only  been  assumed,  but  not;  necessarily 
established,  that  the  dosage  of  any  drug  resulting  in  hemolysis 
in  these  subjects  would  be  even  more  hemolytic  if  administered 
to  deficient  Caucasian  subjects.  As  noted  in  Table  II,  a  few 
drugs  have  been  reported  to  precipitate  hemolysis  only  in  Cau¬ 
casian  subjects. 

It  must  be  emphasized  that  the  spectrum  of  drugs  which 
possess  hemolytic  potential  for  G-6-FD  deficient  erythrocytes 
is  to  date  incompletely  defined.  There  are  several  reasons  for 
this.  First,  insufficient  observations  have  been  made  among 
the  less  commonly  encountered  deficient  Caucasian  subjects  to 
predict  if  drugs  other  than  those  listed  may  produce  hemolysis 
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TABLE  II 


DRUGS  PRECIPITATING  HEMOLYSIS  IN  G-6-PD  DEFICIENT  SUBJECTS* 


DRUG 

DAILY  DOSAGE 

Drugs  frequently  resulting  in  significant  hemolysis 

Aeetamhd 

3.6  gm 

Azulfidine  ® 

6.0  gm 

Dtipsone®  (DDS) 

25  mg 

Furacin® 

Furadantin® 

400  mg 

Furaltadone  (  Altafur®) 

1.0  gm 

Kynex  ® 

2.0  gm 

Ncosalvarsan 

600  mg 

Primaquine 

30  mg 

Promizole 

.  .  . 

Quinocide 

.  .  . 

Sulfanilamide 

3.6  gm 

Sulfapyndme 

4.0  gm 

Tncofuton® 

400  mg 

Drugs  only  rarely  producing  gnificant  hemolysis  under  normal  conditions 


Ascorbic  acid 

1 .5  gm 

t  Aspirin 

3.6  gm 

Aspirin 

(0-12.0  gm 

tChloratnphenocol 

1 .0  gm 

i  hloroquinc 

300  mg 

Diasone 

300  mg 

Gantrisin® 

300  mg 

Phenacetin 

3.6  gm 

tQuinidinf 

800  mg 

‘Data  complied  from  Beutlei  E:  Diu^nnduccd  hemolytic  anemia  Phan.  • col  Rev 
21:73-103,  1969 
i  Reported  in  Caucasians  only 
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selectively  in  such  individuals.  Secondly,  clinical  reports 
of  hemuj.ytic  anemia  developing  during  drug  therapy  have 
generally  been  ascribed  to  the  drug  alone  when  the  illness 
itself  may  have  induc'd  hemolysis  in  u-3-PD  deficient  subjects. 
Lastly,  the  number  of  subjects  studied  with  any  single  agent 
is  usually  by  necessity  small  and  individual  differences  in 
drug  metabolism  as  well  as  variable  degrees  of  impairment  of 
enzyme  activity  among  deficient  subjects  may  significantly 
influence  the  response  to  drug  administration. /27/  In  vitro 
observations  have  revealed  that  some  parent  drugs  are  inactive 
in  producing  abnormalities  in  G-6-PD  deficient  red  cells, 
whereas  metabolites  of  these  drugs  may  be  capable  of  inducing 
severe  membrane  damage  in  G-6-PD  deficient  cells. /’28/  It  has 
recently  been  demonstrated  that  gentisate,  a  known  metabolite 
of  aminosalicylic  acid,  plays  a  major  role  in  aspirin- induced 
hemolysis  in  G-6-FD  deficient  Caucasian  subjects  .  It  acts 
not.  only  as  an  oxidizing  agent  but  apparently  as  a  direct 
inhibitor  of  enzyme  activity  as  v-  11.  Ihis  latter  function  is 
variaole  from  one  deficient  subject  to  another  and  may  explain 
to  some  extent  the  unpredictable  affect  of  this  drug  in  enzyme 

deficient  subjects. /?9/ 

Hemolytic  Agents  Other  than  Drugs 

It  is  now  recognized  that  hemolytic  episodes  may  occur 
in  G-6-PD  deficient  subjects  under  conditions  other  than  drug 
exposure.  Bacterial  infection, /30, 31,32/  viral  hepatitis, 
730,33,34,35/  viral  upper  respira+ory  infections ,/30/  chicken- 
pox,  '3b'  diabetic  ketoacidosis, /37/  and  nephritis  / 30/  have 
all  been  reported  to  be  associated  with  hemolysis  in  G-6-PD 
deficient  subjects,  ihe  pathogenesis  of  hemolysis  associated 
with  infection  or  metabolic  abnormalities  has  not  been  clearly 
defined.  It  has  been  postulated  that  the  "oxidant  drugs"  in 
patients  with  hepatic  and  renal  insuffic :ency  and  perhaps 
other  metabolic  abnormalities  are  those  metabolic  Droducts 
that  accumulate  as  a  result  of  organ  dysfunction,  in  addition, 
azotemia  is  known  to  be  associated  with  reduced  levels  of  GSH 
in  normal  erythrocytes ;  a  factor  that  would  further  increase 
the  susceptibility  of  G-6-PI)  deficient  ceils  to  hemolysis .  '3‘‘- 
Ihe  role  of  altered  blood  pH  in  sys.  :  '  ;ilr:»ss  and  its  effect 
on  r  ‘.aoolism  through  the  hexomonophos^i'a*  . .  "T't  is  not  known. 

Some  interesting  in  vitro  observations  made  recently  may 
help  to  clarify  the  mechanism  V'  which  v ral  infections  induce 
hemolysis  of  G-c-PD  deficient  erythrocytes  .  '3'1  '  Figure  l;  ''i(V 
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depicts-  values  for  autohemolysis  in  the  presence  of  influenza 
A  virus  with  both  normal  and  G-,:-PD  deficient  erythrocytes. 

In  the  absence  of  virus  botv  normal  sad  G-6-PE  deficient  cells 
undergo  less  than  two  percent  hemolysis  in  dk  hours.  With 
conc»ntrations  of  virus  greater  than  1CH  increased  autohemolysis 
of  G-6-PD  deficient  red  cells  occurs.  This  could  be  prevented 
by  t rior  heat  inactivation  or  antibody  neutralization  of  the 
virus.  To  establish  that  increased  autchemolysis  was  related  to 
metabolic  impairment  resulting  from  the  presence  of  the  virus 
particles,  metabolic  activity  of  the  HMP  shunt  in  normals  and 
G-6-PD  deficient  red  cells  was  evaluated.  Since  the  only  locus 
if  decarboxilati on  of  glucose  in  the  mature  red  cell  is  the  HMP 
shunt  (Figure  i),  Cog  production  by  the  rythrocyte  is  directly 
proportional  to  the  activity  of  the  shunt.  Ir.  the  presence  of 
significant  concentrations  of  live  virus  particles  normal  red 
cells  increased  markedly  the  activity  of  their  HMP  shunt  which 
suggested  that  the  virus  represented  an  oxidative  stress. 

These  cells  hr  ./ever  tolerated  „he  ox.  dative  stress  because  of 
their  ability  to  increase  GSH  production  through  their  intact 
shunt.  In  contrast,  G-6-PD  deficient  cells  exhibited  little  or 
no  increase  in  C02  production  reflecting  an  inability  to  increase 
activity  of  their  HMP  shunt  due  to  deficiency  of  the  enzyme ./39/ 

The  frequency  with  which  iljness  in  itself  precipitates 
hemolytic  episodes  among  G-6-PD  deficient  subjects  has  not  been 
well  studied }  hut  is  possibly  greater  than  has  been  appreciated. 
One  retrospective  study  /30/  evaluated  139  episodes  of  recognized 
hemolysis  among  63  Negro  and  Caucasian  patients  with  G-6-FD 
deficiency  who  were  admitted  to  a  general  hospital  for  a  variety 
of  indications.  Gixty  percent  of  the  observed  hemolytic  episodes 
were  apparently  related  to  concurrert  illness  alone  —  most 
f^eauertly ,  to  bacterial  or  viral  infections.  The  severity  of 
hemolysis  varied  from  minimal  to  extremely  severe  and  the  duration 
of  the  observed  episoues  was  transient;  ir  some,  while  in  others 
several  weeks  were  required  for  recovery'.  Thirty-six  percent  of 
the  patients  with  documented  hemolytic  episodes  were  female, 
which  emphasized  that  clinically  significant  hemolysis  may 
frequently  occur  in  heterzygotes .  In  another  recent  study  /31/ 
of  C06  consecutive  hospital  admissions  of  Negro  patients,  ^7 
had  acute  infections  and  18  (3?  percent  of  the  group)  developed 
anemia  with  hematocrits  less  than  30  percent.  Although  the 
incidence  of  G-o-PD  deficiency  among  the  entire  group  was  only 
16  percent,  67  percent  of  the  anemic- inf ec tec:  patients  were 
found  to  be  G-6-PD  deficient.  Although  it  was  not  p-ssible  to 
establish  the  relative  role  of  infection  per  se  as  opposed  to 
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drug  therapy  as  precipitating  factors  among  this  group,  a 
relationship  between  anemia  and  acute  infection  in  G-6-PD 
deficient  Negro  subjects  was  strongly  suggested. 


Pig  4.  Autohemolysis,  in  the  presence  of  influenia-A  virus,  in  enhrocytci  either  normal  or 
deficient  in  G-6-PD.  1391  Reproduced  with  permission. 

Clinically,  the  more  commonly  encountered  situation  is 
one  in  which  both  illness  and  effects  of  drug  administration 
are  present.  There  is  evidence  that  additive  hemolytic  effects 
result  when  a  susceptible  individual  is  exposed  to  more  than 
one  agent  simultaneously. /23, 30/  Asymptomatic  affected  Negro 
males  serving  in  Vietnam  and  receiving  weekly  ohloraquine- 
primaquine  for  a  period  of  several  months  were  not  infrequently- 
observed  to  develop  significant  intravascular  hemolysis  with 
hemoglobinuria  when  hospitalized  for  an  intercurrent  febrile 
illness. /2k/  Figure  5  illustrates  the  course  in  such  a  patient 
receiving  weekly  chloraquine-primaquine  prophylaxis .  '23'  He 
was  non-anemic  but  with  manifestations  of  inapparent  compensated 
hemolysis  prior  to  the  development  of  a  febrile  illness  of 
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undetermined  ethology.  “Hie  result  was  brisk  hemolysis.  This 
patient  received  aspirin  (less  than  2  gm/day)  during  his 
febrile  course.  Normally  this  drug  in  such  a  dosage  would 
not  have  precipitated  hemolysis  in  this  individual,  however, 
the  combined  effect  of  illness,  small  doses  of  salicylates, 
and  continued  chloraquine -primaquine  administration  resulted 
in  a  significant  hemolytic  episode. 


f  ig.  5.  Hemol>:  -  effects  of  an  mtcrcurrem  febrile  illness  (etiology  not  established ),salic/late  ad¬ 
ministration  and  chloroquinc-ptimaqume  administration  in  a  Negro  male  with  G-6-PD  deficiency, 
t  =  administration  of  300  mg  chloroquine  and  15  mg  primaquint.  /23/ 

There  are  several  situations  in  which  unrecognized  G-6-PD 
deficiency  tray  complice' e  the  manifestations  of  an  associated 
underlying  illness  or  in  whicn  (,-6-PD  deficiency  may  nasquerade 
as  another  disease  state.  One  of  these  is  homozygous  sickle 
cell  disease  in  which  chronic  hemolysis  and  painful  crises  cue 
to  i ntrnvascular  sickling  are  expected  features  of  the  disease, 
but  in  which  acute  hemolytic  crises  seldor.  occur.  A  recent 
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evaluation  of  P  subjects  with  documented  sickle  ceil  anemia 
who  did  experience  acute  episodes  of  increased  red  cell  des¬ 
truction,  revealed  that  7  of  the  8  individuals  had  associated 
G-6-PD  deficiency  which  was  probably  the  predisposing  factor 
for  brisk  intravascular  hemolysis  rather  than  the  hemoglobin¬ 
opathy  itself./40/ 

The  incidence  of  severe  neonatal  hyperbilirubinemia 
among  infants  with  either  the  Mediterranean  or  the  Canton 
enzyme  variants  is  significantly  increased  when  compared  with 
normal  infants  of  the  same  ethnic  group.  Although  hemolysis 
is  suspected  of  playing  a  significant  role  in  the  pathogenesis 
of  this  syndrome,  the  pathophysiology  is  not  completely  defined 
at  the  present  time. /4l, 42/ 

Transfusion  of  G-6-PD  deficient  red  cells  to  recipients 
receiving  oxidant  drugs  may  result  in  intravascular  hemolysis 
which  mimics  an  incompatible  hemolytic  transfusion  reaction. 

A  fatal  outcome  has  been  noted  in  one  instance  where  G-6-PD 
delicient  blood  from  a  Caucasian  subject  was  transfused  to  a 
recipient  receiving  Dapsone®  (DDS)  for  the  treatment  of  leprosy. /43/ 


CONGENITAL  NONSPHEROCYTIC  HEMOLYTIC  DISEASE  (CH'ND) 

Patients  with  chronic  hemolytic  anemia  in  whom  no  soecific 
diagnosis  can  be  readily  established  by  such  routine  tests  as 
examination  of  the  blood  smear,  osmotic  fragility,  hemoglobin 
electrophoresis,  or  the  Coombs'  antiglobulin  reaction,  have  in 
the  past  been  classified  in  a  heterogeneous  group  under  the 
diagnostic  term  "congenital  nonspherocytic  hemolytic  disease" 
(CNHD).  Ihe  basis  for  the  diagnosis  lies  in  the  results  of  the 
standard  autohemolysis  test  of  Dacie,  et  al./44/  Over  the  past 
decade  an  increasing  number  of  such  patients  have  been  found  tc 
possess  deficiencies  of  specific  erythrocyte  enzymes  essential 
to  metabolic  processes  of  the  red  cell.  Although  to  date  14 
distinct  red  cell  enzyme  deficiencies  have  been  reported  to  be 
associated  with  hemolytic  disorder^,  G-6-PD  deficiency  represents 
the  most  frequently  encountered  example. /45/  It  has  been  estimated 
that  two  percent  of  subjects  with  G-6-PD  deficiency  manifest 
chronic  hemolytic  disease  in  the  absence  of  drug  challenge  or 
precipitating  acute  illness. /46 / 
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The  genetic  variants  of  the  G-6-PD  molecule  identified 
among  patients  with  CNHD  are  characterized  by  marked  in  vivo 
instability  of  the  enzyme,  severe  impairment  in  activity,  or 
unfavorable  alterations  in  the  kinetic  properties  of  the  mutant 
enzyme,  so  that  functionally  the  HMP  shunt  is  virtually, 
inactive. /l6/  Such  affected  individuals  have  been  Caucasians 
and  Orientals  rather  than  Negroes.  Since  the  role  of  the  shunt 
seems  to  be  primarily  one  of  production  of  GSH  for  the  protec¬ 
tion  of  hemoglobin  and  the  red  cell  membrane  from  oxidative 
injury,  the  mechanism  of  hemolysis  in  these  subjects  in  whom 
no  readily  apparent  oxidative  stress  can  be  identified  remains 
less  than  completely  defined. 

Clinically  such  patients  manifest  chronic  hemolysis  but 
anemia  is  generally  mild  and  in  some  the  hemolysis  is  compensated 
and  the  patients  are  non-anemic.  The  diagnosis  is  usually  made 
in  childhood  but  may  go  unrecognized  until  adult  life.  Hemolysis 
may  be  aggravated  by  any  of  the  factors  that  precipitate  hemolytic 
episodes  in  other  G-6-PD  deficient  subjects.  Splenectomy  and 
corticosteroids  have  no  therapeutic  efficacy. 

laboratory  Diagnosis 

Although  spectrophotometric  assays  of  erythrocyte  G-6-PD 
activity  are  performed  in  many  laboratories,  the  procedure  is 
time-consuming,  requires  technical  skill,  and  is  not  necessary 
for  detection  of  most  cases  of  G-6-PD  deficiency.  A  number  of 
screening  procedures  have  been  developed,  most  of  which  depend 
upon  the  generation  of  NADFH  from  NADP  which  is  a  function  of 
the  reaction  catalyzed  by  G-6-PD.  Figure  1.  The  tests  are 
based  upon  the  ability  of  generated  NADEH  to  reduce  visible  dyes 
as  brilliant  cresyl  blue,  methylene  blue,  or  compounds  as  methem- 
oglobin.  Of  these  simple  screening  procedures,  the  most  sensi¬ 
tive  are  apparently  the  methemoglobin  reduction  testA7/  and  the 
ascorbate  test,/48/  although  the  latter  lacks  specificity  .A?/ 

Although  these  screening  procedures  are  sufficiently 
sensitive  to  detect  the  affected  male  hemizygote  under  usual 
circumstances ,  ietectior.  of  female  heterozygotes  with  their 
varying,  proportion  of  normal  and  enzyme  deficient  cells  presents 
a  greater  problem.  At  best,  approximately  80  percent  of  hetero¬ 
zygotes  are  recognized  cy  the  me  the:,  ogl^bi  n  reduction  test.  /f0 

It  is  important  ror  physicians  to  recognize  that  affected 
Heg.ro  subjects  who  have  recently  experienced  a  significant  hemo¬ 
lytic  episode  may  at  the  time  of  post-episode  evaiu.  tion  possess 
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normal  or  near  normal  enzyme  activities  because  the  enzyme 
deficient  cells  have  been  destroyed  and  replaced  by  reticulo¬ 
cytes  vith  relatively  high  activities.  The  recognition  of 
G-6-PD  deficiency  is  an  even  more  difficult  problem  in  the 
female  heterozygote  who  has  undergone  hemolysis.  Postponing 
the  identification  of  the  deficiency  until  a  time  when  the 
disproportionate  number  of  young  cells  have  aged  sufficiently 
to  manifest  it,  is  impractical.  Delayed  diagnosis  may  result  in 
failure  to  withdraw  the  offending  agent,  or  may  lead  to  the  institu¬ 
tion  of  inappropriate  therapeutic  measures.  A  simple  technique 
has  recently  been  described  which  serves  to  increase  the  likeli¬ 
hood  of  detect! m  during  or  immediately  following  a  hemolytic 
episode. /5l/  This  technique  is  based  on  selective  measurement 
of  G-6-PD  activity  in  the  most  aged,  and  therefore  the  enzyme- 
deficient,  red  cells.  Since  density  of  erythrocytes  increases 
vith  cell  age,  simple  centrifugation  rpsults  in  separation  of 
a  population  of  the  most  enzyme  deficient  cells  which  then  may 
be  selectively  studied  for  G-6-PD  activity. 

Diagnosis  in  subjects  with  genetic  variants  of  G-6-PL 
other  than  the  A-type  usually  presents  little  difficulty  be¬ 
cause  recognition  of  subjects  with  the  Mediterranean  and  Canton 
variants  is  usually  possible  even  during  a  hemolytic  crisis  be¬ 
cause  they  have  a  more  severe  enzyme  deficiency  which  is  less  de¬ 
pendent  upon  cell  age  for  expression. 


CONCLUDING  REMARKS 

Erythrocyte  G-6-PD  deficiency  is  a  common  hereditary 
abno-mr.ality  of  world-wide  distribution.  Genetic  heterogenic! ty 
underlies  the  broad  spectrum  of  manifestations  encountered 
among  affected  subjects,  a  striking  analogy  to  the  hemoglobin¬ 
opathies  is  apparent.  Biochemically  a  single  amino  aciu  sub¬ 
stitution  in  the  protein  molecule  represents  the  structural 
abnormality  which  characterizes  the  genetic  variants  of  both 
hemoglobin  and  G-6-PD.  In  each  there  are  variants  un associated 
with  any  functional  impairment,  those  associated  with  episo  k 
symptomatology ,  and  some  which  result  in  chronic  hemolytic 
disease.  On  the  molecular  level  our  understanding  of  the  he- 0- 
globinopatnies  and  G~6-PD  deficiency  far  surpasses  that  of  root 
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other  diseases,  yet  knowledge  concerning  the  pathogenesis  of 
henclysis  and  more  importantly,  what  to  do ‘about  it,  is  limited. 
Careful  clinical  observations  have,  however,  provided  a  basis 
for  rational  management  of  such  patients  and  have  obviated  many 
of  the  needless  therapeutic  gestures  employed  in  the  past.  The 
future  undoubtedly  holds  knowledge  which  will  permit  a  more 
direct  therapeutic  approach;  i.e.  one  aimed  at  assisting  the  red 
cell  to  functionally  circumvent  its  structurally  altered  hemo¬ 
globin  or  enzymatic  protein.  i  -  '  ■  - 
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While  it  may  be  a  great  personal  satisfaction  to  make  a  discovery  in  the 
laboratory,  we  do  not  save  people’s  lives  in  the  laboratory.  People’s 
lives  are  saved  where  people  are. 

-  GEORGE  N.  PAPANICOLAOU 
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HYPOPLASTIC  ANEMIA 
MAJ  Roland  F.  Schocn,  Jr.,  MC 


The  concept  of  hypoplastic  anemia  as  we  know  it  today  has 
been  long  in  evolving  because  of  mystery  of  its  pathogenesis 
and  unpredictability  of  its  clinical  course.  Furthermore,  the 
findings  in  the  bone  marrow  and  peripheral  blood  have  been 
variable,  and  not  always  easily  reconciled. 

The  original  view  of  "aplastic  anemia"  was  that  of 
a  fulminant  disease.  Peripheral  pancytopenia  was  a  reflection 
of  markedly  or  totally  reduced  erythroid,  granulocytic,  and 
inegakaryocytic  cells  in  the  marrow.  Resultant  infection  and 
hemorrhage  supravened  early.  However,  other  peripheral  pancy- 
topenic  states  or  normochromic  norraocytic  anemias  with  reticu- 
locytopenia  were  included  later  in  the  syndrome.  Therefore, 
some  anemias  of  chronic  infection  (with  normocellular  or 
slightly  hypocellular  marrows)  and  refractory  normoolastic 
anemia  (an  iron-loading,  probably  premalignant  condition  with 
hyperplastic  marrow)  were  included. 

Today  the  term  "hypoplastic"  rather  than  "aplastic"  is 
the  qualifier  of  this  anemic  syndrome  because,  as  with  most 
syndromes,  a  spectrum  of  severity  is  encountered.  Diverse 
etiologies  are  recognized,  and  more  are  postulated.  The  com¬ 
mon  features  include  peripheral  anemia  (usually  normoc.yt-' 
slightly  macrocytic)  reticulocytopenia,  and  reduced  eryti..  .n 
precursors  in  the  bone  marrow.  *hi ce  cells  and  platelet 
numbers  may  or  may  not  be  reduced  peripherally  or  in  the 
marrow . 


Classification 

In  many  cases  the  etiology  is  not  apparent  and  hence 
remains  ’idiopathic".  A  toxic  substance  should  be  sought  out 
because  many  of  these  cases  probably  have  some  toxic  exposure 
which  is  responsible  for  the  blood  picture.  It  is  imperative 
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to  remove  this  substance  from  Lhe  patient's  environment. 
Other  causes  must  also  be  considered;  namely,  pure  red  cell 
aplasia,  hyporegenerative  crises,  uremia,  Franconi's  syn¬ 
drome  and  malignant  conditions. 


TOXIC  EXPOSURE 

These  may  be  divided  into  two  general  groups.  First 
there  is  exposure  to  those  agents  which  regularly  produce 
hypoplasia  after  sufficient  exposure,  whose  effects  are  more 
or  less  predictable,  and  whose  effect  may  be  demonstrated  in 
experimental  animals/l/;  and  secondly,  there  are  exposures 
(of  which  most  drug  reactions  are  a  part)  which  are  only 
occasionally  and  unpredictably  associated  with  hypoplasia  and 
are  not  necessarily  dose-related.  The  agents  of  both  groups 
seldom  produce  a  selective  red  cell  hypoplasia,  but  are 
accompanied  by  reduced  granulocytes  and  platelets  in  a  general 
hypoplastic  reaction.  Many  drugs  selectively  depress  either 
the  granulocytic  or  platelet  precursors  alone,  and  are  not 
considered  here. 

Predictable  dose  related  hypoplasia 

Ionizing  radiation .  Excessive  doses  can  lead  to  severe 
and  even  fatal  aplastic  anemia,  such  as  the  cases  which  have 
been  seen  after  nuclear  explosions  and  industrial  accidents. 

At  lower  doses,  this  is  a  reversible  phenomenon,  provided  the 
victim  receives  exogenous  blood  products  until  regeneration 
of  marrow  has  occurred.  At  higher  dose  levels,  probably  above 
2000r  of  total  body  irradiation,  regeneration  will  not  occur. 
Knospe  et  al/2/  have  demonstrated  this  aspect  in  rats  and 
think  that  regeneration  does  not  occur  because  the  marrow 
adventitia  has  been  destroyed. 

The  type  of  irradiation  is  an  important  factor.  Alpha 
and  beta  particles  are  highly  damaging,  but  since  they  have  a 
penetrating  effect  of  several  millimeters,  they  are  harmful  to 
the  sensitive  hematopoietic  tissues  only  if  injected  systemically. 
It  is  the  gamma  particles  and  fast  neutrons  which  can  penetrate 
the  entire  body  and  cause  immediate  widespread  damage.  The 
mechanism  of  this  damage  is  obscure,  but  includes  damage  to 
enzymes  containing  sulfhydryl  groups,  and  the  creation  of  free 
radicals  in  the  cell  which  react  readily  with  proteins  and 
nucleic  acids. /l / 
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|  In  therapeutic  radiation,  marrow  damage  occurs  only  in 

!  the  field  of  exposure,  and  is  reversible  ir  a  time  course 

i  proportional  to  the  dose  given.  Localized  radiation,  however, 

1  may  produce  mild  marrow  depression  at  sites  distant  from  the 

<  .  radiation  field  (abscopal  effect).  This  ms,-,  be  reflected 

!  peripherally  by  reduced  numbers  of  whit<_  ceils  and  platelets. 

;  Radiation  given  to  a  patient  with  much  prior  chemotherapy 

j  produces  much  more  marrow  depression,  supposedly  because  of 

,  ‘  prior  marrow  sensitization. 

,  Animal  studies  suggest  that  lymphocytic  and  erythrocytic 

precursors  are  more  sensitive  to  radiation  than  are  megasaryo- 
cytes  and  granulocytes ./l/  However,  radiation- induced  anemia 
is  much  less  of  a  problem  functionally  than  leukopenia  and 
thrombocytopenia . 

Cancer  che.motherapeutic  agents .  Most  of  the  chemothera¬ 
peutic  agents  for  malignant  disease  have  marrow  depressive 
effects.  Indeed,  it  is  the  reaction  of  this  highly  sensitive 
tissue  that  often  limits  and  may  even  preclude  administration  \ 

of  a  full  tumoricid&l  dose.  Again,  anemia  is  not  as  signifi¬ 
cant  functionally  as  leukopenia  and  thrombocytopenia.  j 

5 

Benzene  and  its  derivatives ./3» 5/  This  toxic  depression  | 

usually  occurs  in  i’.austrial  workers  with  chronic  exposure  to  | 

this  widely  used  solvent .  Control  measures  have  aimed  ; 

largely  at  keeping  the  concentration  of  the  vapor  below  a  \ 

critical  level,  because  it  is  usually  absorbed  by  initiation  in  ; 

a  poorly  ventilated  room.  ; 

Classic  pancytopenia  is  the  most  severe  f orm,  and  rarely 
even  then  is  tiie  marrow  completely  aplastic.  However,  many 
more  subtle  forms  of  toxicity  exist.  Hie  earliest  sign  Is 
probably  mild  hemolytic  anemia  with  a  tendency  toward  macro- 
cytosis  (increased  reticulocytes)  and  a  shortened  red  cell 
survival.  Increased  serum  bilirubin  has  been  described  in 
many  cases.  Some  cases  of  b  nzene  poisoning  have  resulted  in 
extra  medullary  hematopoiesis  and  splenomegaly,  but  these  are 
rare.  A  significant  number  of  the  chronic  benzene-induced 
hypoplastic  states  have  evolved  to  acute  myelogenous  leukemia. 

Trinitrotoluene  (TNT)  has  prod*,  -ed  hypoplasia,  but  more 
often  it  produces  a  dermatitis  and  gastritis.  Benzene  hexa- 
chloride  (lindane)  is  a  popular  insecticide  and  has  been 
implicated  as  a  causative  agent  in  hypoplastic  disease. 
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Agents  Unpredictably  producing  hypoplasia 

The  list  is  an  ever-expanding  one,  and  only  the  more 
common  examples  will  be  considered. 

Chloramphenicol.  Until  recently,  most  cases  of  acquired 
hypoplastic  anemia  in  which  a  toxic  exposure  was  elicited 
historically  have  been  caused  by  chloramphenicol.  The  reaction 
was  first  recognized  Jn  the  early  1950s  but  because  of  con¬ 
comitant  drug  therapy  in  many  instances,  the  early  reports 
were  not  heeded,  and  the  peak  incidence  of  new  cases  of  hypo¬ 
plastic  anemia  (83)  occurred  in  1959 •/£/  Ihe  incidence  has 
declined  ever  since. 

The  risk  of  acquiring  hypoplasia  from  the  drug  has  been 
estimated  by  comparing  reported  cases  to  drug  sales.  It  is 
estimated  that  there  is  one  in  every  60,000  to  500,000 
pat tent- exposure s .  A  variable  predominance  in  females  has 
been  reported  (a  ratio  as  high  as  1.6  to  1.0)  especially  in 
the  premenopausal  group,  as  well  as  an  increased  incidence  m 
Caucasians  in  the  northern  European  countries.  In  75  percent 
of  the  cases,  all  three  blood  cell  lines  were  depressed  and 
marrow  hypoplasia  was  found.  In  50  percent  cf  the  eases 
evidence  of  "reaction"  was  found  within  36  days  of  the  last 
dose,  in  22  percent  during  treatment,  and  in  10  percent  after 
130  days  had  elapBed./l/  Overall  mortality  rate  was  50  per¬ 
cent;  half  of  these  deaths  occurred  within  50  hays  of  onset. 
Favorable  prognostic  variables  were  (1)  fewer  blood  lines 
depressed,  (2)  non-Caucasian  race,  (3)  development  of  re¬ 
action  during  therapy  or  shortly  thereafter,  and  (4)  large 
daily  dose  of  drug. 

The  marrow  was  truly  hypocellular  in  only  two-thirds  of 
the  cases  and  the  remaining  one- third  had  normocellular  (or 
rarely  hypercellular}  marrows  with  or  without  a  specific 
depression  of  one  of  the  cell  lines. /6 /  The  normocellular 
marrows  only  rarely  (18  percent)  presented  with  pancytopenia. 
Most  of  the  patients  ( )  Co  percent)  with  aplastic  marrows, 
died  (all  of  these  within  18  months)  primarily  of  cerebral 
or  gastrointestinal  hemorrhage.  The  presenting  sign  was 
usually  purpura  which  occurred  sifter  therapy  had  stopped. 

Those  cases  of  aplastic  anemia  occurring  during  therapy 
usually  presented  with  anemia,  were  normocellular  in  the 
marrow,  and  often  recovered  in  several  months,  but  sometimes 
as  long  as  a  year  aftfr  presentation. 
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Ibe  two  types  of  chloramphenicol  toxicity  are 
summarized  in  Table  I./6/ 


TABLE  l 


CHLORAPHEN1COL  TOXICITY 


TYPES  OF  TOXICITY 

Bone  Marrow  Cellutirity 

Normocellular 

HypopLuia  or  Aplattic 

PERIPHERAL  BLOOD 

Anemia  with/without 
Leukopenia  or 
Thrombocytopenia 

Pancytopenia 

DRUG  DOSAGE 

Usually  large  and  given  In 
a  ihort  period  of  time 

No  particular  relationship  to 
doie,  frequently  intermittent 

TIME  RELATION 

(of  Toxidty  to  lut  do*) 

Concurrent 

2  to  20  weeks  later 

MOST  COMMON  PP.E- 

SENTING  SIGN 

Anemia,  pallor 

Purpura,  hemorrhage,  or  both 

OUTCOME 

UiuaUy  nonfatal 

UtuaUy  fatal 

$ 
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Human  studies  were  caiTied  out  in  the  fifties  in  an 
attempt  to  delineate  the  dynamics  of  the  "dose  related" 
lesion.  Rubin  et  al  found  plasma  iron  was  elevated  with 
{ligh  carrier  saturation,  a  delay  in  the  disappearance  of 
. Fe  frorr.  the  plasma,  and  failure  of  ^Fe  to  appear  in 
circulating  red  cells  for  et  least  eight  days.  Definite 
marrow  depression  occurred  in  two  percent  and  borderline 
depression  in  six  percent  of  50  healthy  volunteers. 

Saidi  et  al  /9/  have  demonstrated  striking  morphologic 
changes  in  the  marrow  of  patients  receiving  therapeutic 
doses  of  chloramphenicol.  Large  vacuoles  axe  seen  in  the 
primitive  erythroblasts ,  associated  with  anemia  and  reticu- 
locytopenia,  and  have  been  considered  the  classic  erythro¬ 
poietic  lesion.  Wallerstein  /10/  suggests  that  the  vacuolar 
change  is  part  of  the  pharmacologic  effect,  occurring  in 
anyone  taking  the  drug,  and  is  reversible.  Chloramphenicol 
given  with  B]_g  to  patients  with  pernicious  anemia  did  not 
inhibit  the  correction  of  megaloblastosis ,  so  the  chloram¬ 
phenicol  lesion  is  apparently  not  involved  with  nucleic 
acid  metabolism./9/  The  vacuolization  is  not  a  unique  lesion; 
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it  is  also  seen  in  acute  alcoholism. /ll/  The  appearance  of 
ouch  vacuoles  does  not.  warn  of  impending  marrow  hypoplasia. 

No  clear  explanation  has  been  forthcoming  to  describe 
the  t  .chanism  of  hypoplastic  disease  with  chloramphenicol. 

Careful  monitoring  of  drug  therapy  cannot  prevent  the  disease 
from  developing  later;  the  best  method  of  prevention  seems  to 
be  highly  judicious  use  of  the  drug  clinically. 

Organic  arsenicals  (arsenoamincfoenzols  used  in  early 
syphilis  tEerapy )  occasion  ally  produced  a  hypoplastic  syndrome 
but  this  type  is  not  seen  now.  Inorganic  arsenic  in  sufficient 
dose  will  always  produce  marrow  depression;  arsenite  salts  do 
not./l/ 

Anticonvulsants,  such  as  methylphenylhydantoin  (Mesantoin^ , 
trimethadione  (Tridione®),  and  earbamazepine  (Tegretol®),  have 
produced  the  syndrome .  Diphenylhydantoin  (Dilantin  ® )  has  been 
reported  in  one  case./l2/ 

Phenylbutazone  usually  produces  leukopenia  as  a  ride- 
effect,  but  may  produce  erythroid  hypoplasia. 

Gold  compounds,  used  in  treatment  of  rheumatoid  arthritis, 
may  produce  both'  leukopenia  and  hypoplastic  anemia  and  are 
usually  reversible  on  cessation  of  treatment. 


Treatment 

The  most  important  specific  therapeutic  measure  is  the 
identification  of  any  causative  toxin,  removing  it  from  the 
patient  and  his  environment  for  all  time.  In  over  one-half  of 
cases,  toxic  exposure  is  not  discernible,  which  suggests  a 
toxin  is  not  causative,  or  continues  occultly,  perhaps,  to 
insult  the  marrow  because  of  uninterrupted  exposure.  Etioiog- 
ically,  these  remain  "idiopathic". 

Supportive  measures,  including  blood  transfusions  for 
anemia,  platelet  fractions  for  thrombocytopenia,  and  vigorous 
antibiotic  treatment  for  infections  permitted  by  granulocyto¬ 
penia,  are  important.  These  are  not  without  hazard,  because 
transfusion  reactions  and  sensitisation  occur.  Cirrhosis  and 
liver  failure  may  develop  from  transfusional  hemosiderosis . /13/ 
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Not  to  abandon  attempts  at  therapy  is  the  primary 
theme.  Multiple  hematinics  have  been  tried,  such  as  pyrioxine, 
folic  acid,  vitamin  Bi2>  liver  extract,  and  a  trial  of  these 
is  probably  warranted  only  to  prove  that  they  will  not  be  a 
beneficial  alternative  to  repeated  transfusion.  Some  spontane¬ 
ous  remissions  have  occurred  many  months  after  onset,  and  so 
vigorous  support  is  justified.  Splenectomy  /l4,15/  has  appeared 
to  be  helpful  in  some  cases  when  other  measures  have  failed,  and 
may  be  justified  on  an  empiric  basis  rather  than  theoretic  basis. 
Cortisone  has  been  tried  with  sonx-v  success;  Sanchez-Medal,  et  al 
/l6/  had  a  12  percent  response  rate. 

The  most  promising  agents  are  testosterone  and  its  deriva¬ 
tives,  especially  oxymethalone .  Sanchez-Medal,  et  al  /2l/  had 
50  percent  response  rate  to  this  latter  drug,  even  when,  in  a 
few  cases,  testosterone  had  failed.  In  69  cases,  33  positive 
responses  were  seen,  22  of  which  have  been  apparently  permanent. 
Therapy  was  initially  undertaken  for  two  months,  but  eight 
relapses  occurred  on  discontinuing  therapy.  Seven  of  the  eight 
responded  to  re-induction  with  oxymethalone.  Improvement  was 
noted  in  those  who  responded  in  two  weeks  to  six  months.  Oxy¬ 
methalone  can  produce  obstructive  jaundice  (as  a  17-methylated 
testosterone)  but  is  not  often  a  cause  for  stopping  therapy. 

Its  mechanism  of  action  is  unclear,  but  decreased  59pe  plasma 
clearance  and  decreased  red  cell'-Te  utilization  have  normalized 
on  therapy. /17/  Erythropoietin  values  are  increased  in  such 
patients,  and  it  is  postulated  that  androgens  may  work  synergis- 
tically  with  erythropoietin  to  stimulate  erythropoiesis . 


Pure  Red  Cell  Aplasia 

In  contrast  to  acquired  hypoplastic  anemia,  there  is  a 
group  of  syndromes  (l)  in  which  the  red  cell  precursors  are  the 
only  deficient  cells  in  the  marrow,  (2)  which  occur  independent 
of  any  toxic  exposure,  (3)  which  occur  in  certain  age  groups, 

(4)  which  have  a  particular  therapeutic  approach. 

Pure  Red  Cell  Aplasia  (PRCA)  in  Adults 

Ibis  acquired  condition  has  been  given  many  names,  includ¬ 
ing  primary  red  cell  aplasia,  erythroblastophthisis,  idiopathic 
aplastic  anemia,  selective  red  cell  aplasia,  erythroblastic 
hypoplasia,  chronic  hypoplastic  anemia,  essential  erythroblssto- 
penia,  primary  refractory  anemia. 
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The  Mayo  Clinic  reviewed  16  cases  seen  in  1951-61  and 
established  the  following  diagnostic  criteria./!®/ 

-  -  Severe  normocytic  normochromic  anemia 

requiring  transfusion. 

-  -  Reticul ocyce  count  of  0.0  to  0.2 

percent. 

-  -  Nonrocellulsr  marrow  without  red  cell 

precursors  (as  distinguished  from 

refractory  normoblastic  anemia) . 

-  -  Normal  liver,  spleen  and  lymph  nodes 

(before  transfusional  hemosiderosis) 

In  their  series  10  percent  developed  hemolysis.  The 
average  patient  was  male  (2:1)  and  middle-aged.  Ten  percent 
developed  leukemia  at  a  later  time.  Some  toxins  have  been 
suspected,  anc  in  other  settings  this  syndrome  (PRCA)  has 
been  seen  in  kwashiorkor  (which  responds  to  riboflavin)  and 
in  one  case  with  carcinoma  of  the  bronchus ./l8/ 

Finkel,  et  al/l 9/  have  described  three  patients  in  whom 
cortisone  has  been  dramatically  effective,  and  this  has  been 
noted  by  others.  Its  mode  of  action  is  speculative,  but 
recognized  to  be  antireoplastic  (in  lymphoproliferative 
syndromes)  and  immunosuppressive  in  other  settings.  Anti¬ 
bodies  have  been  demonstrated  against  erythroblasts 
and  agrinst  erthropoietin.  /20/  Cyclophos¬ 

phamide  and  6-mercaptopurin  have  slso  been  used  with 
success,  suggesting  inhibition  of  a  cell  that  had  been  produc¬ 
ing  something  toxic  and  suppressive  to  erythrobl.'5sts./21,22/ 
Therefore,  cortisone  and  cytotoxic  drugs  have  theoretic  bases 
for  use  in  PRCA. 

Pure  red  cell  aplasia  in  adults  has  slso  been  seer, 
coincidentally  with  benign  thymoma,  non-invasivc  spindle~ce„l 
type ,/23/  In  about  15  percent  of  these  myasthenia  gravis  is 
also  present.  The  anemia  may  precede  recognition  of  the 
tumor  but  usually  occurs  with  it.  In  one  cnse,  anemia  occurred 
three  years  after  the  removal  of  the  tumor.  Thymectomy  may 
completely,  partially,  or  fail  to  correct  the  anemia.  Corti¬ 
sone  was  beneficial  in  two  cases  only  after  thymectomy  and 
splenectomy.  Testosterone  has  occasionally  been  helpful.  The 
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mechanism  of  the  anemia  in  combination  with  thymoma  is 
obscure.  An  autoimmune  bhsis  has  been  postulated  but  not 
demonstrated. 


Pure  Red  Cell  Aplasia  in  Children 

Congenital  hypoplastic  anemia  was  described  as  a  syndrome 
in  1938  by  Blackfan  and  Diamond  and  bears  their  name.  It  re¬ 
fers  to  an  abnormality  characterized  by  normoeytic,  normo¬ 
chromic  anemia,  reduced  red  cell  precursors  in  the  marrow,  but 
normal  leukocytes  and  platelets  and  found  in  young  children. 

The  usuai  name  applied  i3  "congenital  hypoplastic  anemia/29/, 
as  opposed  to  "congenital  pancytopenia"  (Fanconi's  anemia) 
discussed  page  286.  Other  synonyms  for  this  Byndrome  are  hypo- 
regenerative  anemia,  erythrophthisis,  idiopathic  hypoplastic 
anemia,  stationary  hypoplastic  anemia,  chronic  erythroblasto- 
penia,  erythrodisganetic  anemia,  chronic  erythrocytic  hypo¬ 
plasia,  pure  red  cell  agenesis,  erythrogencsis  imperfecta. 

These  children  may  not  be  anemic  at  birth,  or  do  not  show 
sufficient  pallor  to  entertain  such  a  diagnosis,  and  so  the 
true  congenital  nature  is  controversial.  There  is  a  slight 
predisposition  for  males,  Caucasians,  end  one-third  of  cases 
have  been  products  of  complicated  pregnancies.  Most  do  not 
have  other  congenital  anomalies  like  the  Fanconi  patients. 

The  median  age  of  diagnosis  is  one  month;  average  is  six 
months.  Hepatomegaly  has  been  described. 

The  natural  course  of  the  disease  has  changed.  Previously 
15  percent  had  spontaneous  remissions  with  decreasing  trans¬ 
fusion  requirements.  The  usual  problem  of  hemosiderosis 
cirrhosis,  growth  retardation,  osteoporosis,  bone  age  retarda¬ 
tion  and  pubertal  failure  were  seen  after  five  years  of  trans¬ 
fusions.  Cortisone  has  been  of  some  benefit,  and  it  has 
recently  been  appreciated  that  if  the  disease  is  treated 
within  the  first  few  months  of  diagnosis,  90  percent  will 
respond,  whereas  after  a  year  with  the  disease  the  response 
rate  is  much  less./25/  Maintenance  usuaJly  requires  5-0-7. 5  mg 
prednisone  daily,  with  rise  in  hematocrit  each  time  a  "reduced" 
dose  of  corticosteroids  is  raised.  The  mechanism  of  action  for 
cortisone  remains  unclear. 


The  disease  has  been  seen  to  occur  more  than  once  in  five 
femilies ./24/  No  chromosomal  aberrations  have  been  described, 
in  contrast  to  those  with  Fanconi's  anemia.  Abnormal  amounts 
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of  anthranilic  acid  havr  l'0'=n  described  in  the  urine  of 
atients/26/  but  a  defini  .  re  metabolic  error  has  not  been 
found . 


Hyporegw  native  Cris»  s 

Th'-e  are  orobably  manj.  acute  illnesses  and  stresses 
which  \  ■  ersalj-y  c.  se  temporary  marrow  arrest. /27/  It  is 
transi,  nd  -•'sses  .i-noticed  in  indi  /iduals  whose  blood 
cells  t..,’  n  normal  if'  span  •  In  patients  ’ith  hemo¬ 

lytic  aiit  w!  •’  e  : .? '  c  Is  may  3  '.ve  only  a  fraction  of 
the  norma  120  aayk  i  '<*  >rary  marrow  -Test  may  lead  to 
severe  snem  a.  The  /  -ow  normally  works  much  below  full 
capacity,  implying  wac  it  can  produce  several  times  the 
usual  number  of  cells  per  unit  of  time.  1?  ■jrefore  it  can 
compensate  without  anemia  developing  when  red  cells  live 
only  12  days  j.  some  settings.  Certainly  this  increased 
rate  cannot  be  sustained  indefinitely.  In  acute  hemolytic 
anemia,  reticulocyte  is  may  be  delayed  peripherally  and  the 
bone  marrow  depleted  of  red  cell  precursors.  This  is  di>'. 
to  initial  rapid  emptying  of  reserves  and  a  two  to  four  day 
lag  in  marrow  erythroid  response. 

Patients  with  chronic  hemolytic  anemia,  such  as  sickle 
cell  disease,  and  hereditary  spherocytosis  are  most  prone 
to  hyporegenerative  crises. /28/  It  cannot  be  prevented  in 
tli'  former,  but  splenectomy  prevents  it  in  the  latter. 

(The  cellular  defect  persists,  but  accelerated  destruction 
ceases.)  Chronic  hemolytic  disease  may  predispose  to  a 
megaloblastic  aggravation  of  marrow  failure  because  of  a 
relative  folate  deficiency. 

Treatment 

Treatment  of  hyporegenerative  crisis  is  supportive  with 
transfusions.  Occasionally  platelet  and  leukocyte  lines  are 
also  affected  but  do  not  require  exogenous  support.  Spontane¬ 
ous  recovery  occurs  in  seven  to  ten  days,  with  sequential 
leukocytosis,  norooblastosis,  reticulocytosis  and  rise  in 
hemoglobin  level. 

Anticipation  of  such  events  prevents  being  caught  unaware. 
It  can  be  prevented  only  by  altering  the  length  of  life  of  the 
red  cell,  as  splenectomy  in  hereditary  spherocytosis,  or 
possibly  in  elliptocytosis . 
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Uremia 

Anemia  is  observed  in  most  types  of  renal  insufficiency. 

In  mild  azotemic  states  anemia  may  be  a  reflection  of  the 
disease  causing  the  renal  insufficiency,  not  of  the  kidney 
failure  per  se.  Only  when  the  blood  urea  nitrogen  (BUN)  is 
greater  than-8b-100  mg/lOOcc  may  erythroid  hypoplasia  be 
seen.  White  cells  and  platelets  are  usually  present  in  nor¬ 
mal  numbers. 

The  anemia  is  usually  normocytic,  but  occasionally  some¬ 
what  hypochromic.  Burr  cells  may  be  present.  Red  blood  cell 
survival  is  shortened,  most  likely  from  an  e.ttracorpuscular 
factor  (uremic  inhibitor? V29/  Reticulocytes  are  usually 
reduced;  the  anemia  usually  stabilizes  when  the  hematocrit  is 
about  20  percent.  Ferrokinetic  studies  have  shown  plasma  iron 
clearance  time  is  increased,  plasma  iron  transport  rate  is 
decreased  or  unchanged  and  red  cell  utilization  of  iron  is 
decreased,  lhe  iron  may  be  shunted  to  storage  in  the  reticulo¬ 
endothelial  system  and  unavailable  for  hemoglobin  synthesis. 

Iron  may  be  lost  through  gastrointestinal  bleeding,  loss  of 
transferrin  in  nephrosis,  and,  more  recently,  loss  through 
disposable  dialysis  coils. /30,/ 

The  kidney  has  also  been  cited  as  the  main  source  of 
erythropoietin,  a  hormone  stimulating  red  blood  cell  produc¬ 
tion.  In  advanced  renal  disease  the  level  of  this  hormone  is 
reduced,  and  exogenous  erythropoietin  stimulates  the  uremic 
marrow  imperfectly,  suggesting  the  presence  of  some  additional 
repressor  or  inhibitor.  Recently  an  inhibitor  to  erythropoietin 
has  been  isolated  from  the  kidney  (and  other  tissues)  but  it  may 
not  play  a  physiologic  role./29/ 

Chronic  dialysis  may  improve  the  anemia  after  several 
months.  The  kidney  does  not,  supposedly,  produce  more  erythro¬ 
poietin,  but  improvement  may  occur  from  removed  of  a  marrow 
suppressant,  removal  of  erythropoietin  inhibitor,  removal  of  a 
depressant  on  erythropoietin  production,  or  increased  erythro¬ 
poietin  production  from  extrarenal  sites.  Eschbach*  has 
ecently  shown  that  the  anemia  of  renal  failure  may  be  benefited 
by  androgens,  specifically  fluoxymestrone  (h'alotestin® ) .Qne  to 
six  months  is  required  for  treatment;  there  appears  no  relation¬ 
ship  to  status  of  kidney  function.  It  is  effective  in  anephric 
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patients.  Concomitant  iron  deficiency  prevents  its  action. 
It  rarely  raises  the  hematocrit  above  30  percent. 


Fanconi  Syndrome  and  Other  Possible  Pre-malignant  States 

This  section  raises  the  intriguing  notion  that  hypoplastic 
disease  from  seemingly  diverse  etiologies  can  terminate  with 
malignant  transformation  to  acute  leukemia.  Indeed,  such  a 
diagnosis  should  be  entertained  in  any  differential  diagnosis 
of  hypoplastic  anemia. /3l/  There  is  one  case  report/32/  in 
which  chloramphenicol-induced  hypoplasia,  treated  for  seven 
years  with  androgens,  terminated  in  acute  leukemia.  Several 
cases  of  leukemia  following  benzene  induced  hypoplasia  have 
been  described. /k/  Many  of  the  Japanese  survivors  of  the  atom 
bomb  blasts  were  hypoplastic  as  a  population  and  developed 
leukemia  in  much  higher  numbers  at  a  later  date  than  uneffected 
populations./33/  Paroxysmal  nocturnal  hemoglobinemia  (PNK)  has 
been  associated  with  aplastic  crises  and  acute  leukemia  has 
developed  in  a  few  patients  ./3V 

Far.coni's  syndrome,  or  constitutional  aplastic  anemia 
(constitutional  pancytopenia),  is  a  rare  anemia  of  childhood. 

It  develops  usually  between  age  four  enu  twelve  years  and  is 
rare  under  age  two./35/  Patients  are  usually  hyperpigmented, 
have  small  stature,  and  have  other  congenital  anomalies,  such 
as  microcephaly,  hypogenitalism,  strabismus,  extra  digits, 
renal  anomalies,  and  mental  retardation.  Bone  marrow  examina¬ 
tion  may  initially  be  hypercellular/36/,  but  later  shows 
depression  of  one  or  more  ceil  lines.  Chranosome  studies  show 
a  normal  number  with  a  specific  type  of  aberration  termed 
endoreduplieation./l/  Chromatid  exchanges  and  chromatid 
breaks  "have  also  been  seen.  These  abnormal  chromosomal 
patterns  have  been  seen  in  "normal"  family  members  of  the  pro- 
band.^?/  Patients  with  Fanconi' s  anemia  and  their  family 
members  have  an  increased  incidence  of  leukemia./?/  The 
chromosomes  of  patients  with  Fanconi' s  anemia  and  those  of  the 
normal  family  members  are  also  more  susceptible  to  malignant 
transformation  by  SV  40  virus  in  vitro. /kV 

Patients  with  Fanconi' s  disease  usually  do  not  survive 
more  than  three  years  from  diagnosis,  although  a  few  have 
reached  adulthood.  Splenectomy  has  been  helpful  occasionally 
in  relieving  thrombocytopenia.  Cortisone  and  androgens  have 
not  been  use  Ail. 
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Conclusion 

The  diagnosis  of  hypoplastic  disease  raises  four 
important  points:  Is  more  than  the  red  cell  line  involved? 

If  so,  and  the  stigmata  of  Fanconi's  syndrome  are  not  ap¬ 
parent,  then  the  presence  of  an  exogenous  toxin  must  be  sus¬ 
pected  and  its  Identification  and  elimination  are  paramount. 

Can  a  specific  therapeutic  agent  be  applied  early  to 
reverse  the  disease?  Is  this  a  pre-malignant  lesion?  Even 
if  such  is  suspected,  no  therapy  can  be  directed  toward  a 
malignancy  until  it  is  manifest,  and  other  therapies  are 
considered  in  a  normal  order. 

If  no  specific  therapeutic  agents  are  applicable,  many 
non-specific  remedies  must  be  tried,  a  spontaneous  remission 
hoped  for,  and  transfusions  given  for  support. 

Patience,  a  hematologic  potpourri  of  therapies,  and  hope 
constitute  the  milestones  on  the  journey  toward  control,  if 
not  cure,  of  hypoplastic  anemia. 


References 

1 .  Wintrobe  MM:  Clinical  Hematology  6th  ed  New  York:  Lea 
and  Febiger  1 9£>7,  pp  78U-792 

2.  Knospe  WH,  Blom  J,  Crosby  WH:  Regeneration  of  locally 
irradiated  bone  marrow.  I.  Dose  dependent,  long  term 
changes  in  the  rat  with  particular  emphasis  on  vascular 
and  stromal  reaction.  Blood  28:398-415,  1968 

3.  Scott  JL,  Cartwright  GE,  Wintrobe  MM:  Acquired  aplastic 
anemia;  an  analysis  of  thirty-nine  cases  and  review  of 
the  pertinent  literature.  Medicine  (Balt)  38:119-172, 
1959 

k-  Vigliani  EC,  Salta  G:  Benzene  and  leukemia.  New  Eng  J 
Med  271:872-876,  1 96k 


Present  Concepts,  Vo l  IV  No  3,  March  1971 


5. 


Garriga  S,  Crosby  V/H:  The  incidence  of  leukemia  in 
families  of  patients  with  hypoplasia  of  the  marrow. 

Blood  1 1n  1 008—1 01  li .  1  959 

6.  Yunis  AA,  Bloomberg  OR:  Chloramphenicol  toxicity: 

Clinical  features  and  pathogenesis.  In  Progress  in 
Hematology.  IV.  New  York:  Grune  and  Stratton,  1 96U, 

ppTJH^rff 

7.  Rubin  D,  Weisberger  AS,  Botti  RS,  et  al:  Changes  in 
iron  metabolism  early  in  chloramphenicol  toxicity. 

J  Clin  Invest  37:128601295,  1958 

8.  "Rubin  f),’  Weisberger  AS,  Clark  ER:  Early  detection  of 
drug  induced  erythropoietic  depression.  J  Lab  Clin  Med 
56:153-1:58,  I960 

9.  Saidi  P,  Wallerstein  R0,  Aggeler  ?M:  Effect  of 
chloramnhenicol  on  erythropoiesis.  J  Lab  Clin  Med 

57:21(7-253,  1961 

10.  Wallerstein  R0:  Chloramphenicol  (editorial)  Calif  Med 
97:180-181  ,  1962 

1 1 .  McCurdy  PR,  Pierce  KE,  Rath  CE:  Abnormal  bone  marrow 
morphology  in  acute  alcholism.  New  Eng  J  Med 
266:505-510,  1962 

12.  Brittingham  TE,  Lutcher  CL,  Murphy  DL:  Reversible 
erythroid  aplaisia  induced  by  diphenylhydantoin. 

Arch  Intern  Med  113:7614-767,  1 96h 

13'  Vincent  PC,  "HiT  Gruchy  GC:  Complications  and  therapy  of 
acquired  aplastic  anemia.  Brit  J  Haemat  13:977-999, 

1  967 

111.  Heaton  LD,  Crosby  WH,  Cohen  A:  Splenectomy  in  treatment 
of  hypoplasia  of  bone  marrow;  with  report  of  12  cases. 

Ann  Surg  1 U6:637-660,  1957 

15.  FTat ow~Fa ,  Freireich  EJ:  Effect  of  spleneotomy  on 
responses  to  platelet  transfusion  in  three  patients  with 
aplastic  anemia.  New  Eng  J  Med  1 7it : 2 U2  —2 US ,  1966 

16.  Sa  ichez-Medai  L,  Gomaz^vCeaX  XT'" Duarte  L,  et  al:  Anabolic 
androgenic  steroids  in  the  therapy  of  acquired  aplastic 
anemia.  Blooa  3a:283-300,  1969 

17.  McCredie  KB:  Oxymethalone  in  refractory  anemia.  Brit  J 
Haemat  17:265-273,  1969 

18.  Schmid  JR,  Kiely  JM,  pease  GL,  et  al:  Acquired  pure  red 
cell  aplasia.  Acta  Haemat  30:255-270,  1 9o3 

1  9.  Fmkel  HE,  Kimber  Rj,  "femeshek  W:  Corticosteroid-i’espon- 
sive  acquired  pure  red  cell  aolasia  ir.  adults.  Amer  J  Med 
u3: 771  -776,  1967  * 

20.  Jepson  JH,  Lowenstem  L:  Inhibition  of  erythropoiesis  by  a 
factor  present,  in  patients  with  erythroblastopenia. 
bl  )od  27:1,25-1:30,  1  966 


Presen:  Concepts  I'ol  IV  A <o  3.  Marth  IV  7/ 


21.  Kranz  S3,  Kao  V:  Red  cell  aplasia:  demonstration  of 
plasma  inhibitor  to  hems  synthesis  and  antibody  to 
eryt hr oblast  nuclei.  Clin  Res  15:283-287,  196? 

22  Kranz  SB,  Kao  V:  Studies  on  red  cell  aplasia  II. 

Report  of  a  second  patient  with  an  antibody  to  ery- 
throblast  nuclei  and  a  remission  after  immunosuppres¬ 
sive  therapy.  Blood  3l*:1 -1 3,  1969 

23.  Bayrd  ED,  Bernatz  p£:  Benign  thyoma  and  agenesis  of 
erythrocytes.  JAMA  163:723-727,  2957 

21*.  Diamond  LK,  Allen  ik,  Magill  FB:  Congenital  (erythy- 
roid)  hypoplastic  anemia.  Amer  J  DLs  Child  102:1*03-1*15, 
1961 

25.  Allen  IM,  Diamond  LK:  Congenital  (erythroid)  hypoplastic 
anemia  (cortisone  treated).  Amer  J  DLs  Child  102:1*16-1*23, 
1961 

26.  Pearson  HA,  C'.ie  TE  Jr:  Congenital  hypoplastic  anemia. 
Pediatrics  19:192-200,  1957 

27.  Gasser  C:  Aplasia  of  erythropoiesis.  Ped  Clin  N  Amer 

l*i  1*1*5—1*68,  1967 

28.  Bauman  AW,  Swisher  SN:  Hyporegenerative  processes  in 
hemolytic  anemia.  Seminars  Hemat  1**265-272,  1967 

29.  Erslev  AJ:  Anemia  of  chronic  renal  disease.  Arch 
Intern  Med  1 26 :77l*-780,  1970 

30.  EschbacETjW,  Adamson  JW,  Cook  JD:  Disorders  of  red 
blood  cell  production  in  anemia.  Arch  Intern  Med 
126:812-815,  1970 

31.  Block  M,  Jacobson  LQ,  Bethard  WF:  Preleukeraic  acute 
human  leukemia.  JAMA  152:101 8-1028,  1953 

32.  Cohen  T,  Creger  WP:  Acute  myeloid  leukemia  following 
seven  years  of  aplastic  anemia  induced  by  chloramphenicol. 
Amer  J  Med  1*3:762-770,  1  967 

33.  Cronki’te  EP:  Evidence  for  radiation  and  chemicals  as 
leukemogenic  agents.  Arch  Environ  Health  3*297"303>  1961 

31*.  Gardner  FH,  Blum  SF:  ApTastic  anemia  in  paroxysmal  noc¬ 
turnal  hemoglobinuria.  Mechanisms  and  therapy.  Seminars 
Hemat  1**250-265,  1967 

35.  Dawson  JP:  Congenital  pancytopenia  associated  with 
multiple  congenital  anomalies  (Fanconi  tyoe)  Fediatrics 
15*325 -333,  1955 

36.  Hathaway  WE,  Githens  JH:  Pancytopenia  with  hyperplastic 
marrow.  Amer  J  Pis  Child  1 02 *309-391*,  1961 

37.  Bloom  GE,” Warner  S,  Gerald  PS,  et  al:  Chromosome  abnor¬ 

malities  in  constitutional  aplastic  anemic.  New  Eng  J  Med 
271**8-11*,  1966  " 


Present  Concepts,  Vol  IV  No  3,  March  I97i 


38.  Hirschmaji  RJ,  Shulman  NR,  Abuelo  JQ,  et  al:  Chromosomal 
aberrations  in  two  case3  of  inherited  aplastic  anemia 
with  unusual  clinical  features.  Ann  Intern  Hed  71 1 1 07—1 17, 
1  969 


Acknowledgement 

Mrs.  Seraphine  Thicbaut,  secretary  to  the  Guest  Editor,  typed  rhe  major 
portion  of  the  final  copy  of  this  symposium. 


Present  Concepts.  Vol  IV  No  3,  March  1971 


